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National Transportation Safety Board
| Washington, D.C. 20594

Safety Recommendation:

Date: April 7, 1998

In feply refer to: A-98-34 through -39

Honorable Jane F. Garvey
Administrator

" Federal Aviation Administration
Washington, D.C. 20591

On July 17, 1996, about 2031 eastern daylight time, a Boeing 747-131, N93119, operated
as Trans World Airlines (TWA) flight 800, crashed into the Atlantic Ocean, about 8 miles south
of East Moriches, New York, after taking off from John F. Kennedy International Airport,
Jamaica, New York. All 230 people aboard the airplane were killed. The airplane, which was
operated under Title 14 Code of Federal Regulations (CFR) Part 121, was bound for Charles De
Gaulle International Airport, Paris, France. The flight data recorder and cockpit voice recorder
ended simultaneously, about 12 minutes after takeoff. Evidence indicates that as the airplane
was climbing near 13,800 feet mean sea level, an in-flight explosion occurred in the center wing '
fuel tank (CWT), which was nearly empty. :

The source of ignition of the CWT has.not been determined, and the investigation-into a
variety of potential ignition sources continues. However, the Safety Board’s investigation has
found damaoed wiring in the fuel quantity indication systems (FQIS)! 2 of the accident airplane

I The B-747 FQIS measures fuel quantity with a capacitance measurement. fuel probe system in each fuel tank.
There are seven capacitance measurement fuel probes in the B-747 CWT. Each fuel probe consists of an inner
tubular element that is'surrounded by an outer tube. Compensators, located near the low point of each fue] tank, are
also constructed of assemblies of tubular elements. The compensators and probes have a hard plastic terminal block
near the top of each to provide for wiring connections. Wires from each fuel probe and the compensator are routed
within the fuel tank through nylon clips to a connector located at the rear wing spar and are exposed to fuel and
vapor :

2 Most of the B-747-100, -200 and -300 series alrplanes (about 700 airplanes) are equipped with FQIS
- manufactured by Honeywell Corporation; airplanes equipped with the Honeywell system are the subject of this
letter. About 10 percent of the B-747-100, -200, and -300 series fleet has been retrofitted with FQIS manufactured
by BFGoodrich Aerospace Corporation (formerly Simmonds Precision). The B-747-400 series airplanes are
equipped with the BFGoodrich system equipment. No BFGoodrich FQIS were inspected during the investigation.
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and three retired B-747s: N931053 and N931174 and a former Air France airplane, F-BPVE,? and
the Safety Board was, informed of damaged FQIS wiring in a British Airways B-747, G-BBPU.¢
These findings illustrate unsafe conditions that may: exist in other B-747s and should be
addressed by the Federal Aviation Administration (FAA).-

The potential hazardous features found inside of B-747 fuel tanks during the investigation
include the following: "

1. FQIS wire insulation had been damaged near the attachment point of wires to
four CWT fuel probe and compensator terminal blocks in N93105.7 Terminal
blocks with knurled (rough) areas on the surface had Honeywell Corporation
manufacturing dates of November 1970% and earlier and were identified as
Series 1, 2, and 3.9 These terminal blocks had a metal strain relief clamp
pressing the FQIS wires against the knurling. The knurled area consisted of a
series of relatively sharp pointed cones in the hard plastic, and the edges of the
‘terminal block castings transected the cones, thus creating sharp edges

~ resembling saw teeth. The FQIS wire insulation had been cut by the knurled
area, exposing the core conductors of some wires to the cyrounded shielding of
others. !0

3 N93105 had been undergoing maintenance when it was retired from service by TWA in 1994. The airplane had
been in storage in Kansas City since that time.

4 N93117 had been sold by TWA in 1992, and was subsequently placed in storage in Mojave, California, after
77,145 flight hours.

5 F-BPVE was retired by Air France in September. 1994 ‘The alrplane was subsequent]y used by the Safety Board
and other agencies for testing in Bruntingthorpe, England.

6 G-BBPU is an in-service B-747-136. At the time of its inspection on November 1, 1996 the alrplane had been
operated 89,639 hours and 17,437 cycles since new.

7 Few terminal blocks from N93119 were recovered and most of those were fraomented or otherwise damaged.
Although few of the fraoments had attached FQIS wires, chemical traces on the exterior of damaged wire insulation
had been deposited on and around previously damaged surfaces. Damage similar to that found in N93105 has been
seen in some FQIS components from F-BPVE.

-8 On May 28, 1969, Boeing implemented a requirement for the wires to withstand a 50-pound pull, and on
December 29, 1969, Honeywell Engineering Change Order 69 15826 revised the design to a Series 4 terminal
block, which deleted the use of screws to fasten FQIS wires to the terminal block and introduced the use of threaded
studs and nuts. On the Series 4 block, the metal strain relief clamp and knurling were deleted and the FQIS wires
were held within the eye of a “P”-shaped nylon clamp that -held the wiring above the terminal block surface. The
change order was to be effective as soon as new terminal blocks were available. Boeing reported that a production
change was made at Boeing that installed the Series 4 terminal blocks in [alrplane] line number 65 and onward.
Since N93119 was line number 153 and was delivered on Octobér 27, 1971, Boeing concluded that it was -
improbable that it was delivered with Series 3 terminal block probes. A mixture of terminal block series that

included Series 1-3 and subsequent designs were found in each of the cited B-747 airplanes, including N93119.

9 The Honeywell Component Maintenance Manual still shows the Series 1-3 terminal blocks and metal strain relief

clamps as “applicable” [acceptable] for use. Honeywell has reportedly supplied them as replacement parts, although -
only the updated design is now sold. . .

10 Wire shielding covers the inner insulation and core conductor thh a layer of woven wire, which 1so]ates the

conductor from electromagnetic signals and provxdes protection to the inner insulation and core conductor from

external mechanical damage. ‘Additional insulation covers the wire shielding:



2. In addition to the knurled surfaces found in the Series 1-3 fuel probes, B-747
fuel probe terminal blocks. and compensators have squared edges that can
damage wire insulation.” A wire that had been located against the edge of a
Series 1-3 terminal block from N93105 had a lengthwise cut in its insulation.
(In contrast to the B-747 Series 1-3 terminal blocks, Honeywell also makes
B-757 and B-767 fuel probes with terminal block edges that are smooth and
rounded.) : -

3. The insulation of a fuel probe wire from the CWT in N93105 was.also found
to be displaced (cold-flowed), exposing its core conductor. The wire had been
one of several pressed under the strain relief clamp of a Series 1-3 fuel probe
terminal block. Wire insulation was also displaced by cold-flow or chafe at
points of tight contact between wires not under the knurled clamps and where
wires were pressed against plastic heat-shrink material on adjacent wires, in
some instances exposing the conductor of one wire to the shield of a second
wire. Displaced insulation that had been damaged but not breached was
identified at various locations where wires pressed against other wires, where
wires were in contact with the edge of a clamp, and at the edges of nylon clips
where the FQIS wire routing made sharp turns inside the fuel tanks. Points of
chafing and potential chafing were also found where FQIS wires contacted
structure in the CWT of N93117. ‘

4. Durmg the accident mvesugatlon, two inappropriate repairs were found in the
FQIS wiring in the wing tip fuel tanks of the accident airplane and another
inappropriate repair was found by Boeing in a B-747 operated by another
airline. The shielding of an N93119 wingtip tank FQIS probe wire had been
previously broken and repaired. The repair of the wire consisted of splicing
with a crimped connector and covering it with adhesive tape secured by wire
bundle_lacmg tape.!! Although the repair was functional, separated wire
strands were found at the edge of the crimped connector. The separated
strands had flat and angled-surface features, indicative of a fatigue failure.
Boeing recommends that such broken FQIS wire be removed, solder-repaired,
and covered with heat-shrink tubing. The second inappropriate repair found in

- N93119 was on a post-Series 3 compensator, where an oversized terminal
block strain relief “P-clamp” had been used. The replacement P-clamp was
larger than specified and unable to grip the FQIS wire harness. To provide
strain relief. the wire harness had been looped to pass through the clamp twice
and was still a loose fit. The third inappropriate repair was found in.the CWT"

11 Wiring in B-747s is assembled into harnesses with lacing tape made of Dacron, fiberglass, or Nomex, as specified
in the Boeing Standard Wiring Practices Manual, section 20-00-11, page 17, Table XX, “Tie Materials.”



of G-BBPU, where chafed FQIS wires had been repaired with fuel tank
sealant.!?

The damaged wiring at the terminal blocks was found only after the wiring had been
removed. A close visual inspection in the tank without removing the wires would have been
insufficient to disclose damage that is concealed between wires or under wire clamps. These
types of damage could create spark gaps that are very srnall and that could become latent failures
in the wiring system ‘

Boeing 1ssued Service Bulletin (SB) 747-28-2205 on Jnne27, 1997, and a notice of status
change for this SB on September 25, 1997, to address B-747 fuel tank inspection procedures.
However, the recommended inspection procedures for FQIS wires,  fuel - probes, and
compensators were not addressed in sufficient depth for operators to find wire insulation damage
similar to that found during the TWA 800 accident investigation. Most of the damaged FQIS
wire insulation found during the accident investigation was concealed beneath strain relief
clamps or other wires and was discovered only after the wiring was removed from terminal
blocks. In some cases, the darnaoe was not apparent until the ends of the wires were inspected
under magnification. , : :

On October 27, 1997, Boeing issued a notice to B-747 operators (M-7220-97-1725)
describing a. planned SB that would provide further details on inspecting B-747 fuel probes,
compensators, and FQIS wires. In an October 30, 1997, letter to the Safety Board, Boeing stated
that the new SB will recommend the replacement -of Series 1-3 fuel. probes, the reporting -of
damage involving Series 4 and later fuel probes, the replacement of certain CWT FQIS wire
harnesses, and the inspection for proper wire routing and existing damage; the SB will also
establish an electrical resistance check of very low voltage and estabhsh standards for FQIS
repairs.

- The Safety Board appreciates Boeing’s efforts to develop a new SB to improve inspection
of B-747 CWT FQIS components. However, compliance with SBs is not mandatory. The Safety
Board believes that the FAA should issue, as soon as possible,'an airworthiness directive (AD) to
require a detailed inspection of FQIS wiring in B-747-100, -200, and -300 series airplane fuel
tanks for damage, and the replacement or the repair of any wires found to be damaged. Wires on
Honeywell Series 1-3 probes and compensators should be removed for examination.

In December 1969, Boeing reportedly discOntinued using the Honeywell Corporation
Series 1-3 fuel probes (with knurled terminal block surfaces and metal strain relief clamps) and
began using the Series 4 (and later) fuel probes!3 as a product improvement. However, the
change was not considered mandatory and Series 1-3 fuel -probes:are still found in airplanes.
This investigation has shown that the knurling and the sharp edges of the early design terminal

12 The Boeing Standard Wiring Practices Manual describes methods and materials that can be used for wire repairs.
It does not list fuel tank sealant as an approved material for repair of elecmca] wiring.

13 See footnote 7.



blocks create damage to wire insulation. Changing to a Series 4 terminal block reduced the
potential for FQIS wires to be damaged by the terminal blocks. However, the Honeywell
overhaul manual still shows the Honeywell Series 1-3 terminal blocks as “applicable for use.”
The Safety Board believes that the FAA should issue an AD to require the earliest possible
replacement of the Honeywell-Corporation Series 1-3 terminal blocks used on B-747 fuel probes
with terminal blocks that do not have knurled' surfaces or sharp edges that may damage FQIS
wiring. ‘ :

Features of the fuel probes and wiring installation used in B-747s are similar to thoSc of
Honeywell fuel probes used in other airplanes, including the B-707, Lockheed C-130, B-757, and
B-767. The B-707 and C-130 terminal blocks have a different shape but have some features
similar to the B-747 design, including sharp edges. The B-757 and B-767 -fuel probe terminal
blocks have rounded edges and cast wire relief areas that are not used in the B-747 terminal
blocks; the FQIS wires are retained in the cast wire relief areas by a flat metal bar. Wiring
attached to the terminal blocks in airplanes other than the B-747 has not been examined by the
Safety Board staff during the TWA 800 investigation. However, because of the similarities
found during a review of fuel probe designs, the Safety Board.is concerned that FQIS wiring
problerhs discovered in this investigation may also exist in other airplanes with similar designs.
Therefore, the Safety Board believes that the FAA should conduct a survey of FQIS.probes and
wires in B-747s equipped - with systems. other than Honeywell Series 1-3 probes and
compensators and in other model airplanes that are used in 14 CFR Part 121 service to determine
whether potential fuel tank ignition sources exist that are similar to those found in the B-747.-
The survey should include removing wires from fuel probes and examining the wires for damage.
Repair or replacement procedures for any damaged wires that are found should be developed.!*

Dark deposits were found around the wiring connections of fuel probes that had been
removed from various fuel tanks in N93105, N93117, N93119, and F-BPVE. . The deposits were
found on wire insulation and on numerous plastic sleeves of crimped wire splices. A scanning
electron microscope revealed that the dark deposits on N93119 and N93105 fuel probes
contained copper, silver (silver-plated copper wiring is used in fuel tanks), and sulfur
(a contaminant in jet fuel). The deposits on an N93119 FQIS compensator fragment were further
examined at a U.S. Air Force research laboratory (Wright Laboratory) and were determined to be
similar to copper sulfide deposits found in previous examinations of fuel probes from military
aircraft. The laboratory had previously found that the deposits gradually reduced resistance
between eleé;rical connections of the military airplane fuel probes.

Wright Laboratory staff received a fuel probe that had been removed from a military
trainer and tested at a maintenance depot while the probe was still wet with fuel. The test
involved voltage and current levels greater than those that would be available from the FQIS.
According to the Wright Laboratory staff, disassembly of the probe revealed soot and carbonized
copper-sulfide deposits, apparently from the ignition of fuel vapors. A report by the Wright

14 Boeing is currently conducting a survey of Honeywell Series 4 probes and compensators.



Laboratory!5. states that a subsequent visual mspectlon found “discoloration and possible arcing
_on the bottom” of the probe. The report stated further, “It appears the internal probe wires were
~damaged by a fire. Evidence of an electrical arc was-evident on the nylon cap which would have
‘provided the required energy needed to ignite residual fuel.” Another fuel probe documented by
the same set of reports had evidence of an arc- -track!6 with deposits composed of copper sulfide
- and carbon. Unburned deposits that were photographed by a scanning electron microscope had
the appearance of flaking paint. Electronic testing for the resistance value of similar deposits on
a third fuel probe revealed “small scintillating arcs” between the flakes, as current was increased
to 5 milliamperes (voltage unknown) between a set of probes located. 10 millimeters apart. When
drops of JP-4 fuel were placed on the arcing deposxt the report said, “heat generated by the
{electric] current rapidly evaporated the fuel. Resistance increased from 13,200 ohms to an open
circuit (>20M)!7 after a few seconds.” 'The flaking copper sulfide deposits were found to be a
- brittle substance that clung tenaciously to plastic materials and could only be cleaned by
mechanical abrasion. The report concluded the following::

The residues act.as a -thin ﬁlm resistor that will rupture and open if significant
current is passed through the material. Residue formation is most likely the result
of a long-term degradation or corrosion process. Exposed silver plated copper
wiring and other silver containing surfaces (electrodes) are apparently reacting
with the sulfur in the fuel. This deterioration process is most likely time
dependent- and, as the probes age, more' probe [cahbratlon] failures can be
expected. :

Copper sulfide dep051ts were found inside the FQIS wire 'insulation of N93105 and
N931 19, where the wires had damaged insulation. The Safety Board is concerned that copper
sulfide deposits on FQIS wires could become ignition sources in B-747 and similarly designed
fuel tanks. The Safety Board believes that the FAA should require research into copper-sulfide
deposits on FQIS parts in fuel tanks to determine the levels of deposits that may be hazardous,
how to mspect and clean the dep051ts and when to replace the components

The. investigation' has also found that although the design for the B-747 CWT FQIS
provides for limited electrical power in the fuel tank,!® the FQIS wires are routed in bundles with
nearly 400 other wires, some of which carry up to 350 volts.!® The FQIS harness routed between

15 Wright Laboratory Report “Analysis of Trainer Aircraft Fuel Probes I,” dated March 1990, by Georce Slenski,
Materials Integrity Branch, Systems Support D1v1510n Materials Directorate.

-16"Arc-tracking is an insulation failure leading to flashover. Tracks develop along the dlscharae path on the surface .
of the insulation. The tracks are generally more conductive than the virgin insulation. These tracks carbonize
_quickly into significant conducting paths. : ‘ :

17 Mega-ohms are one million ohms of electrical resistance.

I8 Power to the FQIS is limited by Boeing to 0.02 millijoules, or less than 10 percent of minimum ignition energy
(MIE) required to ignite Jet A fuel under laboratory conditions, according to the American Petroleum Institute
Recommended Practice 2003, Flf[h Edition, December, 1991, entitled ° ‘Protection Against Ignitions Arising out of
Static, Lightning, and Stray Currents.”

19 Zone A ceiling light wire W-1306- L1892-22 carries up to 350 volts. Numerous other wires carry 115 volis
alternating current (VAC) and 28 volts direct current and are routed in bundles with FQIS system wires. Boeing



the CWT and the flight engineer’s panel in the cockpit contains one shielded wire and two
unshielded wires in a woven fiberglass sleeve. Boeing noted in an October 27, 1997, letter that
this is a common design for capacitive FQIS systems. Behind the flight engineer’s panel, the
sleeved set of Teflon-insulated FQIS wires was connected to unprotected?® general airplane
wiring?! that was routed to the fuel totalizer indicator and to the- electrical/equipment (E/E)
compartment located beneath the forward cabin and behind the nose landing gear. Additionally,
unshielded Teflon wiring from the right wing fuel tanks was attached to a terminal strip located
on spanwise beam No. 2 in the CWT, then was routed through the left wing fuel tanks to the
ground refueling panel gauges located between the Nos. 1 and 2 engines. At the ground refueling
panel, the fuel tank wiring was routed with. other aircraft wiring for the refueling indicators and

controls.

, Electrical short circuits can introduce high voltage into low voltage conductors. For
example, it was determined that a military C-130 fuel tank exploded in the 1970s after improper
maintenance had created a short circuit within a fuel gauge electrical connector.?> Maintenance
work on the connector was not finished before the flight, and the investigation found that 115
VAC power was inadvertently allowed to enter the fuel tank through the shielding of FQIS wires.

In the investigation of a May 11, 1990, Philippine Airlines B-737-300 CWT explosion at
‘Ninoy Aquino International Airport, Manila, Philippines, the exact source of ignition was never
established. However, the Safety Board later concluded, “It is possible that"the combination of a
faulty float switch and damaged wires providing a continuous power supply to the float switch
may have caused an electrical arc or overheating of the switch leading to the ignition of the
center fuel tank vapor.”23

An Air Force study?¢ of data from 1986 to 1989 mishaps?S caused by electrical failures
found 652 records, of which 326 were examined in detail. Of the 326 reports, 49 involved
“conductors” (typically aircraft wiring) and 51 involved “‘connectors” of numerous types. The
study concluded the following: ‘

RA164 Center Wing Tank Wire Bundle Analysxs Report, December 17, 1996, indicates bundle No. W186 contains
- 12 192-volt wires for the flight engineer panel lighting.

20 Wires that were not isolated or shielded and that were routed in bundles with other wires, some of Wthh carried
power for other airplane systems.

21 Wire markings identified the general N93119 aircraft wiring as (Boeing Specification) BMS13- 42A marketed by
Raychem. The wire was sold commercially under the trade name “Poly-X.” Other types of wire were also used in
the construction of B-747 airplanes.

2 The Safety Board was permitted to review a report regarding a military C-130 fuel tank explosion that occurred
after improper maintenance created a short circuit that created an ignition source in the fuel tank. The airplane
identification and the date and location of the incident have not been released.

23 National Transportation Safety Board. August 1, 1990. Safety Recommendations A- 90-100 through -103.

24 Contract F33615-89-C-5647, completed January 1989, to develop a handbook for the evaluauon of electrical
components in aircraft accident investigations.

25 According to the Air Force, there are four classes of mishaps in the Norton database [of USAF mlshaps] Classes
A, B, and C generally represent in-flight conditions that result in some damage to the aircraft. The fourth class
includes potential mishaps, which may be the result of unusual conditions observed during mam[enance or preflight

checks.
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The majority of aircraft mishaps involving electronics are related to

interconnection problems. Interconnection problems are primarily due to wiring

and connector failures. . Chafing, which results in electrical arcing of wiring, and

corrosion, which results in the electrical breakdown in cormectors appear to be
\ ' the dominate failure mechanisms.

Such findings are not unique to military mishaps. For example, on July 19; 1997, a
. Lufthansa B-747 freighter (D-ABZC) was on final approach to JFK International Airport, New
York, when seven circuit breakers popped in the cockpit. Afterward, maintenance personnel
found 47 (non-FQIS) wires bumed in more than 8 inches of the affected wire bundle; the wires
were located beneath the oxygen bottles in the “cheek” area to the right of the forward cargo
compartment. The wires led to the leading and trailing edge flaps, landing gear circuitry, and the
anticollision lights. Circuitry for the wing flap asymmetry detection and a flap electrical drive
‘motor led to the burmned ‘area, and each of those components needed replacement. The airplane
had been purchased from-another carrier and, in April 1993, was modified by a third company to
the freighter configuration. Lufthansa found that this airplane and five others that were modified
by the same company had metal drill shavings and other debris in that area of the wire bundle.
The incident demonstrated the danger of allowing metal shavings to remain on wiring and the
p0551b1hty of 1ntroducmg enoucrh electrical energy into unrelated circuits to damage electrical
components. :

In addition to investigating the potential for introducing energy into FQIS wires from
direct short circuits, tests were conducted to determine the energy that can be induced into
unshielded FQIS wires by electromagnetic inductance (EMI). Laboratory tests?® have shown that
EMI can introduce elevated levels of energy into' FQIS wiring, and' sparks can be induced by
adding foreign material to the fuel probes, thus creating spark gaps. This amount of energy was
only found during tests in which a spark gap was artificially created between the Lo-Z (outer fuel
probe electrode or terminal) and ground. To date, testing has not duphcated those results on an
airplane. The investigation of this issue is continuing.

~ Wire shielding and physical separation each provide EMI and chafe protection for the
inner conductor and a path to ground for short circuits from other wires and are widely used in
airplanes. However, two of the three recovered FQIS wires from N93119 that had been routed
between the CWT and the cockpit in a woven sleeve were not protected from EMI or chafing by
shielding or separation from other wires.. Also, BMS13-42A wires that were found routed from
the cockpit end of the FQIS harness to the E/E compartment were not shielded or separated. In
1974, Boeing incorporated an overall shield around all three CWT FQIS wires routed between
the CWT and flight engineer panel; in 1980, Boeing added further shielding to FQIS wires
behind the ﬂlcht engineer panel. However, these wiring changes weré not required for
previously manufactured airplanes, such as N93119. In its October 27, 1997, letter, Boeing

26 Tests were conducted to Boeing specification to create transient voltages and sparks by switching electrical
power on and off in wires that had been laid parallel to the CWT bundle. Tests induced up to 0.060 millijoules of .
energy in the CWT harness, exceeding the API practice 2003 reference for an MIE requirement of 0.025 millijoules.



acknowledced the additional beneﬁts of shielding, but wrote that the shielded wire was used to
correct for electr1cal noise in the FQIS wires (not for EMI or chafe protection).

The - Safety Board;recognizes .the. difﬁculty and expense associated with physically.
separating FQIS ‘wires from other wires and adding shielding to FQIS wires on in-sérvice air
carrier airplanes. Access is limited behind avionic racks and at bulkhead electrical connectors,
and rewiring is labor intensive. However, the separation of the FQIS from other power sources
by shielding and separation can protect fuel tank wires from power sources that can potentially
ignite an explosive vapor in a fuel tank. The Safety Board believes that the FAA should require
~in B-747 airplanes, and in other airplanes with FQIS wire installations that are corouted with

wires that may be powered, the physical separation and electrical shielding of FQIS wires to the
maximum extent possible.

- Because of the variety of latent potential ignition sources found in B-747 fuel tahks, and
the variety of means by which energy can be introduced into FQIS wires, the Safety Board does
‘not believe that correcting wiring deficiencies and addressing system failures would fully protect
the B-747 CWT and other fuel tanks against all potential ignition sources. Total FQIS wire
shielding or separation from other wires would be very difficult to change in airplanes already in
service and would not address failures within system components, such as fuel gauges, ground
refueling volumetric shutoffs, and data acquisition units. Unless the volatility of fuel tank vapors
can be eliminated as a potential hazard, electrical power surge suppressers may be the most
effective method of preventing the FQIS from becoming an ignition source. On December 1,
1997, the FAA issued a notice of proposed rulemaking applicable to B-747-100,'-200, and -300
~ series airplanes that agreed with this. premise and would require either the installation of
components for the suppression of electrical transients by electromagnetic interference, or the
shielding and separation of the electrical wiring of the FQIS.

Surge suppressors installed where FQIS wires enter fuel tanks could provide added
protection against excessive power surges in the FQIS system, regardless of origin. Surge
protection systems are used in a range of devices, from autopilots to personal computers. Boeing
has successfully used electrical surge suppression in other applications, but has noted that
extreme care would have to be used in an FQIS application to account for p0551b1e influences on
system operation and failure modes. Because the basic concepts of most capacitance FQIS
systems are similar, the. Safety Board believes that the FAA should require, in all applicable
transport airplane fuel tanks, surge protection systerns to prevent electrical power surges from
: entermc fuel tanks through FQIS wires.

Therefore, the National Transportation Safety Board recommends that' the Federal
Aviation Administration: ‘

Issue, as soon as possible, an. airworthiness directive to require a detailed
inspection of fuel quantity indication system wiring in Boeing 747-100, -200, and
-300 series airplane fuel tanks for damage, and the replacement or the repair of
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‘any wireS’fonnd to be damaged. Wires on Honeywell Series 1-3 probes and
compensators should be removed for examination. (A-98-34)

" Issue an airworthiness directive to require the earliest possible replacement of the

Honeywell Corporation Series 1-3 terminal blocks used on Boeing 747 fuel
probes with terminal blocks that do not have knurled surfaces or sharp edges that
may damage fuel quantxty mdtcatxon system wiring. (A-98- 35)
Conduct a survey of fuel quantity mdlcauon system probes and wires in Boeing
747s equipped with systems other than Honeywell Series: 1-3 probes and
compensators and in other model airplanes that are used in Title 14 Code of -
Federal Regulations Part 121-service to determine whether potential fuel tank
ignition sources exist that are similar to those found in the Boeing 747. The
survey should include removing wires from fuel probes and examining the wires
for damage. Repair or replacement procedures for any damaged wires that are
found should be developed. (A-98-36) :

~ Require research into copper-sulﬁde deposits on fuel quantity indication system
parts in fuel tanks to determine the levels of deposits that may be hazardous, how
~ to inspect and clean the deposits, and when to replace the components. (A-98-37)

Require in Boeing 747 airplanes, and in other airplanes with fuel quantity
indication system (FQIS) wire installations that are corouted with wires that may

- be powered, the physical separation and electrical Shleldln° of FQIS wires to the
maximum extent possible. (A-98-38) :

Require in all applicable transport airplane fuel tanks, surge protection systems to
- prevent electrical power surges from entering fuel tanks though fuel quanuty
indication system w1res (A 98-39)

Chairman HALL, Vice Chaxrrnan FRANCIS, and Members HAMMERSCHMIDT
"GOGLIA, and BLACK concurred in these recommendatmns
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Safety Recommendation
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In reply refer to: - P-98-1 through -5

- Ms. Kelley Coyner

‘Acting Administrator

Research and Special Programs Administration
400 7th Street, S W..

Washington, D.C. 20590

Desplte the general acceptance of plastic piping as a safe and economical alternative to
piping made of steel or other materials, the Safety Board notes that a number of plpehne
accidents it has investigated have involved plastic piping that cracked in a brittle-like manner.
For example, on October 17, 1994, an explosion and fire in Waterloo, lowa, destroyed a building
and damaged other property Six persons died and seven were injured in the acmdent The Safety
Board investigation determined that natural gas had been released from a plastic service pipe that
had failed in a brittle-like manner at a connection to a steel main.

The Safety Board also investigated a gas explosion that resulted in 33 deaths and 69
injuries in San Juan, Puerto Rico, in November 1996." The Safety Board’s: investigation
determined that the explosion resulted from ignition of propane gas that had ‘migrated under
. pressure from a failed plastic pipe that displayed evidence of brittle-like circumferential cracking.

The Railroad Commission of Texas investigated a natural gas explosion and fire that
resulted in one fatality in Lake Dallas, Texas, in August 1997.2 A metal pipe pressing against a
plastic pipe generated stress intensification that led to a brittle-like crack in the plastic pipe.

A broader Safety Board survey of the accident history of plastic piping suggested that the
material may be susceptible to premature brittle-like cracking under conditions of stress
intensification. No statistics exist that detail how much and from what years any plastic piping
may already have been replaced; however, hundreds of thousands of miles of plastic piping have
been installed, with a S1gmﬁcant amount of it havmU been 1nsta11ed prior to the mid- 19805 Any :

'For more mformatlon see National Transportation Safety Board Pipeline Accident Report--San Juan Gas
Company, Inc./Enron Corp., Propane Gas Explosion in Sun Juan, Puerto Rico, on /\/ovember 21, 1996
(NTSB/PAR 97/0])

Rallroad Commission ofTexas Accndent Investigation No. 97-Al- 053 October 31, 1997.
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vulnerablhty of this matenal to premature failure could represent a serious potentlal hazard to
public safety.

In an attempt to gauge the extent of brittle-like failures in' plastic piping and to assess
trends and-causes, the Safety Board examined pipeline accident data compiled by RSPA. The
examination revealed that the data were insufficient to serve as a basis for assessmg the long-
term performance of plastic pipe. :

Lacking adequate’ data from RSPA, the Safety Board reviewed published technical
literature and contacted more than 20 experts in gas distribution plastic piping to determine the |
estimated frequency of brittle-like cracks in plastic piping. The majority of the published
literature and experts indicated that failure statistics would be expected to vary from one gas
system operator to another based on factors such as brands and dates of manufacture of plastic
piping in service, installation practices, and ground temperatures, but they indicated that brittle-
like failures, as a nationwide average, may represent the second most frequent failure mode for
older plastic plpmg, exceeded only by excavauon damage :

The Safety Board asked seVeral gas system operators about their direct experience with
brittle-like cracks. Four major gas system operators reported that they had compiled failure
statistics sufficient to estimate the extent of brittle-like failures. Three of those four said that
‘brittle-like failures are the second most frequent failure mode in their plastlc pipeline systems.
One of these operators supplied - data showing that it experlenced at least 77 brittle-like failures in
plastic piping in 1996 alone.

As an outgrowth of the Safety Board’s investigations into the Waterloo, Iowa; San Juan,
Puerto Rico; and about a dozen other accidents, and in view of indications that some plastic
piping, particularly older piping, may be subject to premature failure attributable to brittle-like
cracking, the Safety Board undertook a special 1nvest10at10n of polyethylene gas service pipe.
The 1nvest1gat1on addressed the followmg safety issues:’ :

| o The vulnerability of plastic p1p1ng to premature failures due to brittle-like cracking;

‘e The adequacy of available guidance relatmo to the 1nstallat1on and protectron of
“plastic p1p1ng connections to steel mains; and

¢ Performance momtormg of plast1c pipeline systems as'a way of detectmg
‘ unacceptable performance in-piping systems.

The Waterloo, San Juan and Lake Dallas acc1dents were only three of the most recent 1n
a series of accidents in which brittle-like cracks n plast1c piping have-been implicated. In Texas
in 1971, natural gas mlgrated into a house from a brittle- llke crack at the connection of a plastic

‘ *For more information, see Natlonal Transportatlon Safety Board Pxpelme Special Investwatlon Report--
Brittle-like Cracking in Plastic Pipe for Gas Serwce (NTSB/SIR-98/01)
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service line to a plastic main.* The gas ignited and exploded, destroying the house and burning
one person. The investigation determined that vertical loading over the connection generated
long-term stress that led to the crack.

A 1973 natural gas explosion and fire in Maryland severely damaged a house, killed three
occupants, and injured a fourth.” The Safety Board’s investigation revealed that a brittle-like
crack occurred in a plastic pipe as a result of an occluded particle that created a stress point.

The Safety Board’s investigation of a natural gas explosion and fire that resulted in three
fatalities in North Carolina in 1975° determined that the gas had accumulated because a concrete
drain pipe resting on a plastic service pipe had precipitated two cracks in the plastic pipe.
Available documentation suggests that these cracks were brittle-like.

A 1978 natural gas accident in ‘A‘rizona destroyed 1 house, extensively damaged ‘2 others,
partially damaged 11 other homes, and resulted in 1 fatality and 5 injuries.” Available
documentation indicates that the gas line crack that caused the accident was brittle-like.

A 1978 accident in Nebraska involved the same brand of plastic piping as thar involved in
the Waterloo accident. A crack in a plastic piping fitting resulted in an explosion that injured one
person, destroyed one house, and damaged three other houses.® The Safety Board determined that
inadequate support under the plastic fitting resulted in long-term stress intensification that led to
the formation of a circumferential crack in the fitting. Available documentation indicates that the
crack was brittle-like. ‘

A December 1981 natural gas explosion and fire in Arizona destroyed an apartment,
damaged five other apartments in the same building, damaged nearby buildings,, and injured
three occupants.” The Safety Board’s investigation determined that assorted debris, rocks, and
chunks of concrete in the excavation backfill generated stress intensification that resulted in a
circumferential crack in ‘a plastic pipe at a connection to a plastic fitting. Avallable
documentation indicates that the crack was brittle-like. :

» A July 1982 natural gas explosion and fire in California destroyed a store and- two-
residences, severely damaged nearby commercial and residential structures, and damaged

*National Transportation Safety Board Pipeline Accident Report--Lone Star Gas Company, Fort Worth,
Texas October 4, 1971 (NTSB/PAR-72/5).

*National Transportation Safety Board Pipeline Accident Report--Washington Gas nght Company Bowie,
Maryland, June 23, 1973 (NTSB/PAR -74/5).

*National Transportatron Safety Board Pipeline Accident. Brief--“Natural Gas Corporatlon Kinston, North
Carolina, September 29, 1975.” :

"National Transportation ‘Safety Board Pipeline Accident Brief--“Arizona Public Service Company,
Phoenix, Arizona, June 30, 1978.”

-¥National Transportation Safety Board Pipeline Accrdent Brlef-- ‘Northwestern Public Service, Grand
Island, Nebraska August 28, 1978.” :

*National Transportatlon Safety Board. Pipeline Accident Brief--“Southwest Gas Corporatlon Tucson,
Arizona, December 3, 1981.” ‘



automobiles.'® The Safety Board’s investigation identified a longitudinal crack in a plastic pipe
as the source of the gas leak that led to the explosion. Available documentation indicates that the
crack was brittle-like. ‘

A September 1983 natural gas explosion in Minnesota involved’ the same brand of plastic
piping as that involved in the Waterloo and Nebraska accidents." The explosion destroyed one
house and damaged several others, and injured five persons. The Safety Board’s investigation
determined that rock impingement generated stress intensification that resulted in a crack in a
plastic pipe. Available documentation indicates that the crack was brittle-like.

One woman was killed and her 9-month-old daughter injured in a December 1983 natural
gas explosion and fire in Texas." The Safety Board’s investigation determined that the source of
the gas leak was a brittle-like crack that had resulted from damage to the plastlc p1pe during an
earher squeezmo operation to control gas ﬂow :

A September 1984 natural gas. exp10510n in’ Arlzona resulted in ﬁve fatalities, seven
injuries, and two destroyed apartments.'* The Safety Board’s investigation determined that a
reaction between a segment of plastic pipe and some hquld trapped in the pipe. weakened the pipe
and led toa br1tt1e like crack. ' :

Excavations followmg the Waterloo Iowa, accident uncovered at a depth of about 3 feet,
a 4-inch steel main.”’ Welded to the top of the main was a steel tapping tee. Connected to the
steel tee was a 1/2- 1nch plastic service pipe. Markings on the plastic pipe indicated that it was a
medium-density polyethylene material manufactured on June 11, 1970, in accordance with
American Society for Testing and Materials (ASTM) standard D2513. The pipe had been
marketed by Century Utility Products, Inc. (Century). The plastic pipe was found cracked at the
end of the tee’s internal stiffener and beyond the coupling nut. '

The investigation determined that much of the top portion of the circumference of the
pipe immediately outside the tee’s internal stiffener displayed several brittle-like slow crack
" initiation and growth fracture sites. These slow crack fractures propagated on almost parallel
planes slightly offset from each other through the wall of the pipe. As the slow cracks from
. different planes continued to-grow and began to overlap one another, ductile tearing occurred

"National Transportation Safety Board Plpelme Accident Brief--“Pacific Gas and Electnc Company, San
Andreas, Callfomra July 8, 1982.”

""National Transportation Safety Board Plpelme Accident Brief--“Northern States Power Company,
Newport, Minnesota, September 19, 198“ ?

1?National Transportatron Safety Board Pipeline Accident Brief--“Lone Star Gas Company, Terell, Texas,
December9 1983.”

"Plastic pipe is sometimes squeezed to control the flow of gas. In some cases squeezing plastic pipe can
damage it and make it more susceptible to brittle-like cracking.

' "*National Transportation Safety Board Pipeline Accident Report--Arizona Pub[zc Serwce Company
Natural Gas Explosion and Fire, Phoenix, Arizona, Sepzember 25, 1984 (NTSB/PAR-85/01). ‘

For more mformatlon see ‘Pipeline Accident Brief in appendix to National Transportation Safety Board
Plpelme Special Investigation Report--Brrttle-l:ke Crackmg in Plastic Pipe for Gas Serwce :
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between the planes. Substantial deformation was observed in part of the fracture; however;the ,
initiating cracks were still classified as brittle-like. S ‘

Samples recovered from the plastic service line underwent several laboratory tests under
the supervision of the Safety Board. Two of these tests were meant to roughly gauge the pipe’s
susceptibility to brittle-like cracking. These tests were a compressed ring environmental stress
crack resistance (ESCR) test in accordance with ASTM F1248 and a notch tensile test known as
" a PENT test that is now ASTM F1473. Lower failure times in these tests indicate a greater
susceptibility to brittle-like cracking under the test conditions. The ESCR testing of 10 samples
from the pipe yielded a mean failure time of 1.5 hours, and the PENT testing of 2 samples
yielded failure times of 0.6 and 0.7 hours. Test values this low have been associated with
_ materials having poor performance histories' characterized by high leakage rates at points of
stress intensification due to crack initiation and slow crack growth typical of brittle-like cracking.
- The Safety Board has investigated two other pipelines accidents, one in Nebraska in 1978 and
one in Minnesota in 1983, that involved Century piping. The Safety Board is also aware of four
other accidents that it did not investigate that involved the same brand of piping. |

The Century pipe involved in the Waterloo accident was made from Union Carbide’s
DHDA 2077 Tan resin. Although Union Carbide’s laboratory data supported Union Carbide’s
claimed strength, the Safety Board’s review of the same data showed that the material had an
early ductile-to-brittle transition, indicating poor resistance to brittle-like fractures.

In the early 1970s, a Minnesota gas system operator tested a number of piping products
made from DHDA 2077 Tan resin, including those marketed by Century, as part of its
comprehensive specification, testing, and evaluation program. The company rejected piping
“made from the Union Carbide product for use in its system based on the results of sustained
pressure tests. Union Carbide, in 1971, acknowledged that its DHDA 2077 Tan resin material
had a lower pressure rating at 100 °F than did DuPont’s polyethylene pipe material.

Midwest Gas, the Waterloo, Iowa, gas operator at the time of the explosion and fire, had
experienced at least three other significant failures involving Century pipe. The most recent
failures, occurring between 1992 and 1994, prompted the company to collect samples of the
Century material for independent laboratory testing. Samples were being gathered for testing at’
the time of the Waterloo accident. The subsequent laboratory report‘i‘ndic'ated that the Century
piping had poor resistance to slow crack growth. :

Midwest Gas’s subsequent analysis of the company’s leakage history concluded that its
installations with Century piping had failure rates significantly higher than those with piping

"Uralil, F. S., et al, The Development of Improved Plastic Piping Materials and Systems for Fuel Gas
Distribution—Effects of Loads on the Structural and Fracture Behavior of Polyolefin. Gas Piping, Gas Research
Institute. Topical Report, 1/75 - 6/80, NTIS No. PB82-180654, GRI ‘Report No. 80/0045, 1981; Hulbert, L. E.,
Cassady, M. 1., Leis, B. N., Skidmore, A., Field Failure Reference Catalog for Polyethylene Gas Piping, Addendum
No. 1, Gas Research I[nstitute Report No. 84/0235.2, 1989; and Brown, N. and Lu, X., “Controlling the Quality of
PE Gas Piping Systems by Controlling the Quality of the Resin,” Proceedings, Thirteenth [nternational Plastic Fue!
Gas Pipe Symposium, pp. 327-338, American Gas Association, Gas Research Institute, Battelle Columbus
Laboratories, 1993. \ ' ‘ A ’



from other manufacturers. Midwest Gas had received warnings from two pipe ﬁttrno
manufacturers ‘against use of their products with Century pipe because of Century pipe’s
susceptlbllrty to brittle-like cracking. The current operating company in the Waterloo, lowa, area,
MidAmerican Energy, has, since the acmdent replaced all the identified Century piping in its gas
prpehne systern :

The Safety Board concluded that plastlc pipe extruded by Century Ut111ty Products, Inc
and made from Union Carbide’s DHDA 2077 Tan resin has poor resistance to brittle- llke :
cracking under stress intensification, and this characteristic contributed to the Waterloo, Iowa,
accident. '

While Century piping has been identified spec1ﬁcall as being subject to brittle-like
crackmo (slow crack growth), evidence suggests that much of the early polyethylene piping may
. be more susceptlble to such crackrng than originally thought and thus may also be subject to
premature failure. - :

The procedure used in the Umted States to rate the strength of plastrc p1pe which was
developed in the early 1960s, involved subjecting test piping to different stress values and "
recording how much time elapsed before the piping ruptured. The stress;rupture data of the
samples were then plotted, and a best-fit straight line was derived to represent the material’s
decline in rupture resistance as its time under stress increased. ‘

- To meet the requirements of the procedure, at least one tested sample had to be able to
withstand stress rupture testing until at least 10,000 hours, or slightly more than 1 year. The
straight line that was plotted to describe the data for this material was extrapolated out by a factor
of 10, to 100,000 hours (about 11 years). The point at which the sloping straight line intersected
the 100,000-hour point indicated the approprlate hydrostatlc design basis for thls material.

A Key assumption characterrzed the assronment of a hydrostatic desrgn basis under the

‘ procedure: The procedure assumed: that the gradual decline in the strength of plastic piping
material as it was subjected to stress over.time would continue to be described by a straight line.

1In the early 1960s, the industry had little long-term experience with plastic piping, and a straight
line seemed to represent the response of the material to laboratory stress testing. With little other

information on which to base strength estimations, the straight-line assumption appeared valid.

- This procedure and assumption for ratlnc7 the strength were 1ncorporated into industry and

oovemment requirements. ‘

As experience grew with plastic piping materials and as better testing methods were
developed, however, the straight-line assumptions of the procedure came to be challenged.
Elevated-temperature testing indicated that polyethylene piping can exhibit a decline in strength
that does not follow the straight-line assumption, but instead shows a downturn. The difference
between the actual.(falloff) and projected (straight line) strengths became even more pronounced
as the lines were extrapolated beyond 100,000 hours.

The combination of more durable modern plastic piping materials and more realistic
strength testing has rendered the strength ratings of modern plastic piping much more reliable.



Unfortunately, much of the early plastic piping was sold and installed with expectations of ~
strength and long-term performance that, because they were based on questionable assumptions
about long-term performance, may not have been valid. This is borne out by data from a variety
of sources. The history of strength rating requirements, a review of the piping properties and
literature, and observations of several experts with extensive experience in plastic piping, all
suggest that much of the polyethylene pipe, depending upon the brands, manufactured from the
1960s through the early 1980s fails at lower stresses and after less time than originally projected.
The Safety Board therefore concluded that the procedure used in the United States to rate the
strength of plastic pipe may have overrated the strength and resistance to brittle-like cracking of
much of the plastic pipe manufactured and used for gas serv1ce from the- 1960s through the early
1980s. - : ‘ :

Another important assumption of the deswn protocol for plastic pipe involved the
ductility of the materials. It was assumed, based on short-term tests, that plastic piping had long-
term ductile properties. Ductile material, by bending, expanding, or flexing, can redistribute
stress concentrations better than can brittle material, sueh as cast iron. Notable from results of
tests performed under the strength- -rating procedure was that those short-term stress ruptures in
the testing process tended to be characterized by substantial material deformation in the area of
the rupture. This deformation described a material with obvious ductile properties. However, it
was shown that, as time-to-failure increased in stress rupture tests, failures in several materials 4
“occurred as slit failures that, because they were not accompanied by substantial deformation,
were more typical of brittle-like failures. These slit or brittle-like failures were characterized by
crack initiation and slow crack growth. The procedure used to rate the strength of plastic pipe did
not distinguish between ductile fractures and slit fractures and assumed that both types of failures
would be described by the same stralght line.

The assumption of ductlllty of plastlc p1p1n0 had 1mportant safety ram1ﬁcat10ns For
example, a number of experts believed it was safe to design plastic piping installations based on
stresses primarily generated by internal pressure and to give less consideration to stress
intensification generated by external loading. Ductile material reduces stress 1nten51f1cat10n by
locahzed yielding, or deformation. '

As noted previously, laboratory data supported the strength rating assigned to DHDA
2077 Tan resin by the-process used at the time to rate strength; nevertheless, the material showed
evidence of early ductile-to-brittle transition. The fact that the process used to measure the long-
term durability of piping materials did not reveal the susceptibility to preémature brittle-like
cracking of the DHDA 2077 Tan material highlights the weaknesses of the process in use at the
time. More significantly, it calls into question the durability of other early materials that were
rated using the same process and that remain in service today. This concern is heightened by the
. fact that, in addition to the Waterloo accident involving Century pipe and DHDA 2077 Tan resin,
other accidents investigated or documented by the Safety Board have demonstrated that brittle-
like cracking occurs in other older-plastic piping as well ‘

-All ava1lable evidence indicates that polyethylene p1p1n0 s resistance to brittle-like
cracking has 1mproved swmﬁcantly through the years. Several experts in gas distribution plastlc ‘



piping have told the Safety Board that a majority of the polyethylene piping manufactured in the
1960s and edrly 1970s had poor resistance to. brittle-like cracking, while only a minority of that .
manufactured. by the early 1980s could be so characterized.'” Several gas system operators have
told the Safety Board that they are aware .of no instances of brlttle like cracking with their own
modemn polyethylene piping 1nstallat1ons ; BRI : .

Premature-brittle cracking iin_plasticpiping‘is a complex phenomenon. Without clear and
straightforward communication to pipeline operators about brands of piping and conditions that
increase the likelihood of brittle cracking, many pipeline operators may not have the knowledge
- to make good decisions affecting public safety. Some of these key decisions.include ho'w often to
conduct leak surveys and whether to repair or replace portions of pipeline systems. -

Frequently; piping manufacturers, because they can receive feedback from a number of
customers, are the first to learn of systemic problems with their products. For small operators,
contact with a manufacturer may be the major source of outside communication about poorly
performing products ‘Unfortunately, while manufacturers have a -high degree of technical
expertise regarding their products, they may also tend to -aggressively publicize the best
performance characteristics of their products while only reluctantly acknowledging weaknesses.
The Safety Board is aware of only a very few cases in which manufacturers of resin or pipe have
formally notified the gas 1ndustry of materlals having poor re51stance to brittle crackmo

Thus although reputable manufacturers commonly provide essential technical assistance
and serve as partners to p1pe11ne operators, operators are still, responsible for evaluating and
determining which products are most likely to maintain the integrity of their pipeline systems.
Furthermore, perhaps because the possibility of premature failure of plastic piping due to brittle-
~ like cracking has not been fully appreciated within. the industry and the scope of the potential
problem has not been fully measured, the Federal Government has not provided information on
this issue to gas system operators. The Safety Board concluded that gas pipeline operators have
had insufficient notification that much of the plastic pipe manufactured and-used for gas service
from the 1960s through the. early 1980s may be susceptible to brittle-like cracking and therefore
may not. have implemented adequate plpellne surverllance and replacement programs for their
older p1p1ng :

In the view of the Safety Board manufacturers of resin and pipe should do more to notify
pipeline operators about the poor brittle-crack resistance of some of their past products The
Plastics Pipe Institute (PPI) is the manufacturers’ organization that covers most of the major
' resin and pipe producers, many of whom have manufactured resin and pipe for'several years. The
Safety Board therefore recommended that the PPI advise its members to notify pipeline system
operators if any of their piping products, or materials used in the manufacture of piping products,
currently in service for’ natural gas or other hazardous materials 1nd1cate poor resistance to brittle-
like fallure ' : -

'"A number of these experts considered material- to have poor resistance to brittle-like crackmo if the
matenal was shown to have brittle-like fractures in stress rupture testing at 73 °F before 100,000 hours.



Based on evidence examined by- the Safety Board, the premature transition of plastic

‘ piping from ductile failures to brittle failures appears to have little observable adverse impact on

the serviceability of plastic piping except in those instances in which undamaged piping is
subjected to stress intensification generated by external forces. Unfortunately, stress

intensification, which can take many forms, has been found in a number of gas piping systems.

Rock impingement, soil settlement, and excess pipe bending are among the potential ‘'sources of -
stress intensification, and the combination of piping with poor resistance to brittle-like cracking

and external forces can lead to significant rates of failures. These failures can, in turn, lead to

serious accidents. The Safety Board therefore concluded that much of the plastic pipe
manufactured and used for gas service from the 1960s through the early 1980s may be

susceptible to premature brittle-like failures when subjected to stress intensification, and these

failures represent a potential public safety hazard. |

Examples of. conditions that can generate stress intensification include differential earth
settlement, particularly at connections with more rigidly anchored fittings; excessive bending as
a result of installation configurations, especially at fittings; and point contact with rocks or other
objects. The Safety Board special investigation determined that much of the available guidance
to gas system operators for limiting stress intensification at plastic pipeline connections to steel
mains is inadequate or ambiguous. Based on its review of this guidance and on the history of the
plastic pipeline accidents it has investigated, the Safety Board concluded that, because guidance
covering the installation of plastic piping is inadequate for limiting stress intensification at
plastic service connections to steel mains, many of these connections may have been installed
‘without adequate protection from shear and bending forces.

Subsequent to the Waterloo accident, personnel from the Iowa Department of Commerce,
after discussions with OPS personnel, stated that the Waterloo installation was not in violation of
49 CFR 192.361, which specifies minimum pipeline safety standards for the installation of gas
service piping. They further stated that, while they agree that the installation of protective sleeves

_at pipeline connections is prudent, a specific requirement to install protective sleeves is beyond
. the scope of Part 192 and is inconsistent with the regulation’s performance orientation.

The Transportation Safety Institute (TSI) conducts training classes for Federal and State
-pipeline- inspectors. TSI instructors advise class participants that many of the performance- -
oriented regulations within Part 192 can only be found to be violated if the gas system fails in a
way that demonstrates that the regulation was not followed. The TSI acknowledges the difficulty
of identifying violations under paragraph 192.361(d). A TSI instructor told the Safety Board that,
in the case of the failed pipe at Waterloo, the installation could not be faulted under Part 192
because of the length of time (23 years) between the installation date and the failure date.

RSPA acknowledges that the regulation that requires gas service lines to be installed so
as to minimize anticipated piping strain and external loading lacks performance measurement
criteria. The Safety Board pointed out in a previous accident investigation report'® that, although

: "®*National Transportation Safety Board Pipeline Accident Report, Kansas Power and Light Company
'Natural Gas Pipeline Accidents, September 16, 1988 to March 29, 1989 (NTSB/PAR-90/03). .
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the OPS considers many of its’ pipeline safety regulations to be performance-oriented
requirements, many are no more than general statements of required actions that do not establish
any criteria against which the adequacy of the actions taken can be evaluated. The Safety Board
has further stated that regulations that do not contain measurable standards for performance make
it difficult to determine comphance W1th the requlrement The Safety Board therefore previously
recommended that RSPA: - :

, Evaluate each of its p1pe11ne safety reoulatxons to identify those that do not.
contain explicit objectives and criteria against which accomplishment of the
objective can be measured; to the extent pracncal rev1se those that are so
1dent1ﬁed (P-90- 15)

As a result of this safety recommendat1on the OPS asked the National Association of
Pipeline Safety Representatives liaison committee to review the 20 regulations deemed to be the
least enforceable due to lack of clarty. The Safety Board has encouraged RSPA to make such a
review a periodic effort so that all of the regulations, not just the specified 20, are continually
clarified. The last correspondence to the Safety Board from the OPS regarding’ this
recommendation- was on March 8, 1993, and the recommendation has remained classified
“Open—Acceptable Response.” In an October 31, 1997, letter to the OPS, the Safety Board
inquired as to the status of 28 open safety recommendatlons to RSPA. including P-90-15. The
OPS has not yet prov1ded a written response for P-90-15. The Safety Board will continue to
follow the progress and urge complenon of this recommendation.

Federal regulations require that gas plpehne system operators have in placean ongoing
program to monitor the performance of their piping systems. Before the Waterloo accident,
Midwest Gas developed only a limited capabxhty for monitoring and analyzing the condition of
its gas system. For example, the company did not statistically correlate failure rates to the
amounts-of installed pipe or components provided by specific manufacturers. The design of the
program meant that the relatively few areas with high failure rates (for example, those with
Century pipe) were aggregated with and therefore masked by the large number of plastic piping
installations that had low failure rates. Thus, the Midwest Gas surveillance program did' not
reveal the high failure rates associated with Century pipe. Only after the accident did Midwest
Gas identify the Century. pipe within its pipeline system as having high failure rates, even though
the company. could have collected and processed the same type of data and reached the same
determination before the accident. If Midwest Gas had further correlated its data to years of
installation, it may have also been able to examine the effects of its changing installation
methods or changes in performance with different manufacturers through the years. :

The Safety Board concluded that, before the Waterloo accident, the systems used by
Midwest Gas Company for tracking, identifying, and statistically characterizing plastic piping
failures did not permit an effective analysis of system failures and leakage history. The Safety
Board further concluded that if, before the Waterloo accident, Midwest Gas had had an effective
surveillance program that tracked and identified the high leakage rates associated with Century
piping when subjected to stress intensification, .the company could have implemented a
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replacement program for the pipe and may have replaced the failed service connectlon before the
-accident. ‘

Since the accident, MidAmerican Energy has revised its systems, adding pérameters to
provide the company with added capability to sort failures. However. MidAmerican Energy has
not chosen parameters that will allow an adequate analysis of its plastic piping system failures
and leakage history. For example, the generic “improper installation™ is a parameter to be linked
to leaks; however, no parameters have been added for the presence, lack, improper design, or-
improper placement of a protective sleeve. And no parameters have been added to link leaks to
squeeze locations, improper joining, or items to differentiate between insufficient support and
excessive installed bending. The Safety Board therefore concluded that MidAmerican Energy’s
current systems for tracking, identifying. and statistically characterizing plastic piping failures do
not enable an effectivé analysis of system failures and leakaoe history ' :

In a previous accident investigation report,” the Safety Board pointed out that many
operators had not established procedures to comply with Federal regulations requiring
surveillance and investigation of failures. The Safety Board recommended that RSPA:

Emphasize, as a part of OPS inspections and during training and state monitoring -
programs, the actions expected of gas operators to comply with the continuing
surveillance and failure investigation, including: laboratory examination
requirements. (P-90-14)

In a letter to the Safety Board, RSPA responded that the TSI had increased emphasis on
gas surveillance and failure investigation in the operations block of its industry seminars held
across the country. The letter stated that the TSI would incorporate a discussion of accident
analysis into a new hazardous liquids seminar that was to be presented for the first time in FY
1992. Additionally, RSPA noted that it planned to place additional emphasis on continuing
surveillance and failure investigation requirements in its new inspection forms at the time of the
next revision. Based on this response the Safety Board classified Safety Recommendation P-90-
- 14 “Closed—Acceptable Action.” :

Despite the RSPA response to this safety recommendation, for a Variety‘ of reasons—
including the inadequate performance monitoring programs found at Midwest Gas/MidAmerican
- Energy, the susceptibility to brittle cracking of much of the polyethylene piping installed through

the early 1980s, deficiencies noted in gas industry communications regarding poorly performing
brands of polyethylene piping, and differences noted in the performance of different types and
brands of polyethylene piping—RSPA may need to do more: Gas system operators may need to
‘be advised once again of the importance of complying with Federal requirements for piping system
surveillance and analyses. As is the case with older piping, an effective plastic pipeline surveillance
program would be based on factors such as piping manufacturer, installation date, pipe diameter,
operating pressure, leak history, geographical location, modes of failure (such as bending,

i

“National Transportation Safetyt Board Pipeline Accident Report--Kansas Power and“/.ight Corr)pan_v
Natural Gas Pipeline Accidents, September 16, 1988, to March 29, 71989.
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‘ inadequate support, rock impingement, or improper joining), location of failure (such as at the. main
to service or at pipe squeeze locations), and other factors such as the presence, absence, or
misapplication of a sleeve. An effective program would also evaluate past piping and components
installed, as well as past installation practices, to provide a basis fot the replacement, in a planned,
' t1me1y manner, of plastic prpmg systems that indicate unacceptable performance.

, The expressed purpose of RSPA’s Guzdance Manual for Operators. of Small Natural Gas
‘Systems is to assist nontechnically trained persons who operate small-gas systems. However, the
‘manual provides no caution against bending close to a plastic service connection to a steel main.
The manual "recommends’ following manufacturers’ instructions and indicates that a properly
designed sleeve should ‘be used at this connection, which would address designing the sleeve
with the proper diameter and length. However, none of the steel tapping tee manufacturers has
recommended precautions to limit stresses at the service to main Connection; therefore,
nontechmcally trained persons may not realize the 1mportance of determmmg these parameters

The -National Transportatlon Safety Board. therefore makes the  following safety’
- recommendations to the Research and Special Programs Administration: -

" Notify pipeline system operators’ who have installed polyethylene gas piping
extruded by Century Utility Products, Inc., from Union Carbide Corporation
- DHDA 2077 Tan resin of the piping’s poor brittle-crack resistance. Require these
operators to develop a plan to closely monitor the performance of this piping and
to 1dent1fy and replace in a timely manner, any of the piping that indicates poor
performance based on such evaluation factors as installation, operating, and
env1ronmenta1 condrtlons piping failure characterlstlcs and leak history. (P-98-1)

Determine the extent of the susceptlblllty to premature brittle-like crackmg of '
older plastic piping (beyond that piping marketed by Century Utility Products,
Inc.) that remains in use for gas service nationwide. Inform gas system operators -
of the ﬂndmgs and require them to closely monitor the perforrnance of the older
plastic piping and to identify and replace, in a timely manner, any of the piping
that indicates poor performance based on such evaluation factors as installation,

© operating, and environmental condltlons piping failure characterrstlcs and leak
hlstory (P-98-2) :

Immedlately not1fy those States and territories w1th gas pipeline safety proorams
of the suscept1b111ty to premature brittle-like cracking of ‘much of the plastic .

© piping manufactured from the 1960s through the early 1980s and of the actions
that the Research and Special Programs Administration will require of gas system
operators to monitor and replace p1p1ng ‘that indicates unacceptable performance.
(P-98-3) : ‘ : :

In cooperation with the manufacturers of products used in the transportation of
gases or liquids regu_lated by the Office of Pipeline Safety, develop a mechanism -
by which the Office of Pipeline Safety will receive copies of all safety-related
notices, bulletins, and other communications regarding any defect, unintended



~ deviation from design specification, or failure to meet expected performé.nce of
any piping or piping product that is now in use or that may be expected to be in .
~use for the transport of hazardous materials. (P-98-4)

Revise the Guidance Manual for Operators of Small Natural Gas Systems to
include more complete guidance for the proper installation of plastic service pipe.
connections to steel mains. The guidance should address pipe bending limits and
should emphasize that a protective sleeve, in order to be effective, must be of the
proper length and inner diameter for the pamcular COIlIlCCIlOIl and must be

posmoned properly. (P -98-5)

Also, the National Transportation Safety Board issued Safety Recommendations P-98-6
to the Gas Research Institute; P-98-7 through -9 to the Plastics Pipe Institute; P-98-10 to the Gas
Piping Technology Committee; P-98511 and -12 to the American Society for Testing and
Materials; P-98-13 to the American Gas Association; P-98-14 and -15 to MidAmerican Energy
‘Corporation; P-98-16 and -17 to Contmental Industries, Inc.; P-98-18 to Dresser Industries, Inc.;
P-98-19 to Inner-Tite Corporation; and P-98-20 to Mueller Company.

" Please refer to Safety Recommendations P-98-1 through -5 in vour replv If you need
addmonal information, you may call (202) 314- 6469

| . Chairman HALL, Vice‘ Chairman FRANCIS, and Members HAMMERSCHMIDT,
- GOGLIA, and BLACK concurred in these recommendations.







National Transportation Safety B_Oard
~ Washington, D.C. 20594
Safety Recommendation ‘v

"Date: April 30, 1998

In reply refer to: P-98-6

Dr. Steven D. Ban : ‘ ‘
President and Chief Executlve Ofﬁcer

- Gas Research Institute
8600 West Bryn Mawr Avenue |
Chicago, Illinois 60631

Despite the general acceptance of plastic piping as a safe and economical altemative to
piping made of steel or other materials, the Safety Board notes that a number of pipeline
accidents it has investigated have involved plastic piping that cracked in a brittle-like manner.
For example, on October 17, 1994, an explosion and fire in Waterloo, Iowa, destroyed a building
and damaged other property. Six persons died and seven were injured in ‘the accident. The Safety
Board investigation determined that natural gas had been released from a plastic service pipe that
had failed in a brittle-like manner at a connection to a steel main.

) The Safety Board also investigated a gas explosion that resulted in 33 deaths and 69
injuries in San Juan, Puerto Rico, in November 1996." The Safety Board’s investigation
determined that the explosion resulted from ignition of propane gas that had migrated under
- pressure from a failed plastic pipe that displayed evidence of brittle-like circumferential cracking.

The Railroad Commission of Texas investigated a natural gas explosion and fire that
resulted in one fatality in Lake Dallas, Texas, in August 1997.* A metal pipe pressing against a
plastic pipe generated stress intensification that led to a brittle-like crack in the plastic pipe.

A broader Safety Board survey-of the accident history of plastic piping suggested that the
material may be susceptible to premature brittle-like cracking under conditions of stress
intensification. No statistics exist that detail how much and from what years any plastic piping
may already have been replaced; however, hundreds of thousands of miles of plastic piping have
been mstalled with a significant amount of it having been installed prior to the mid-1980s. Any

‘ 'For more information, see National Transportation Safety Board Pipeline Accident Report--Sar Juan Gas
Company, Inc./Enron Corp., Propane Gas Exploston in San Juan, Puerto Rico, on November 21, 1996
(NTSB/PAR-97/01)

?Railroad Commission of Texas Accident Il’lVCSth'athl’l No. 97-A1-055, October 31, 1997.
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| vulnerability of this material to premature failure could represent a serious potent1a1 hazard to
public safety. - :

In an attempt to gauge the extent of brittle-like failures in plastic piping and to assess
trends and causes, the Safety Board examined pipeline accident data compiled by the Research
and Special Programs'Administration (RSPA). The examination revealed that the data were
insufficient to serve as a basis for assessing the long-term performance of plastic pipe.

Lacking adequate data from RSPA, the Safety Board reviewed published technical
literature ‘and contacted more than 20 experts in gas distribution plastic piping to determine the
estimated frequency of brittle-like cracks in plastic piping. The majority of the published

literature and experts indicated that failure statistics would be expected to vary from one gas
* system operator to another based on factors such as brands and dates of manufacture of plastic
piping in service, installation practices, and ground temperatures, but they indicated that brittle-
like failures, as a nationwide average, may represent the second most: frequent failure mode for
older plastlc piping, exceeded only by excavation damaoe

The Safety Board asked several gas system operators ‘about their direct experience with
brittle-like cracks. Four major gas system operators reported that they had compiled failure
statistics sufficient to estimate the extent of brittle-like failures. Three of those four said that
brittle-like failures are the second most frequent failure mode in their plastic pipeline systems.
One of these operators supplied data showmg that 1t experlenced at least 77 brn‘tle hke failures in
plastic plpmo in 1996 alone. :

As an outgrowth of the Safety Board’s irwestigations into the Waterloo, Iowa; San Juaﬁ,

- Puerto Rico; and about a dozen other accidents, and in view of indications that.some plastic"
piping, particularly older piping, may be subject to premature failure attributable to brittle-like

cracking, the Safety Board undertook a special investigation of polyethylene gas service pipe.
The investigation addressed the following safety issues:®

e The vulnerability of plastic piping to premature failures due to brittle-like erackirlg; :

e The adequacy\o'f' available guidance ‘relating to the installation and protection of
 plastic piping connections to steel mains- and

o' Performance momtorrng of plast1c plpehne systems as a way of detectmo
unacceptable performance n plpmc systems ‘

. The Waterloo San Juan and Lake Dallas acc:1dents were only three of the most recent in
a series of accidents in which brittle-like cracks in plastic piping have been 1mphcated. In Texas
in 1971, natural gas migrated into a house from a brittle-like crack at the connection of a plastic

3For more information, see National Transportation Safety Board Pipeline Special Investigation Report-- :

Brittle- ltke Crackmg in Plastic Ptpe for Gas Service (NTSB/SIR-98/01).
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service line to a plastic main.* The gas ignited and exploded, destroying the house and burning
one person. The investigation determined that vertical loading over the connectlon generated
long-term stress that led to the crack. :

. A 1973 natural gas explosion and fire in Maryland severely damaged a house, killed three
‘occupants, and injured a fourth.” The Safety Board’s investigation revealed that a brittle-like
crack occurred in a plastic pipe as a result of an occluded particle that created a stress point.

- The Safety Board’s investigation of a natural gas explosion and ﬁre that resulted in three
fatalities in North Carolina in 19756 determined that the gas had accumulated because a concrete
. drain .pipe resting on a plastlc service pipe had precipitated two cracks in the plastic pipe.

Available documentation suggests that these cracks were brittle-like. . :

A 1978 natural gas accident in Arizona destroyed 1 house, extensively damaged 2 others,
partially damaged 11 other homes, and resulted in 1 fatality and 5 injuries.” Available
documentation indicates that the gas line crack that caused the accident was brittle-like.

A 1978 accident in Nebraska involved the same brand of plastic piping as that involved in
the Waterloo accident. A crack in a plastic piping fitting resulted in an explosion that injured one
person, destroyed one house, and damaged three other houses.® The Safety Board determined that
inadequaté support under the plastic fitting resulted in long-term stress intensification that led to
the formation of a circumferential crack in the fitting. Available documentation indicates that the

crack was brittle-like.

A December 1981 natural gas explosion and fire in Arizona destroyed an apartment,
damaged five other apartments in the same building, damaged nearby buildings, and injured
three occupants.” The Safety Board’s investigation determined that assorted debris, rocks, and
chunks of concrete in the excavation backfill generated stress intensification that resulted in a
circumferential crack in a plastic pipe at a connection to a plastic fitting. Available
documentation indicates that the crack was brittle-like. :

A July 1982 natural gas explosion and fire in Califomia'd‘estroyed a store and two
residences, severely damaged nearby commercial and residential structures, and damaged

“National Transportation Safety Board Pipeline Accident Report--Lone Star Gas Company, Fort Worth,
Texas, October 4, 1971 (NTSB/PAR-72/5).

*National Transportation Safety Board Pipeline Accident Report--Washmgton Guas Light Company, Bowie,
Maryland, June 23, 1973 (NTSB/PAR-74/5).

: *National Transportation Safety Board Plpelme Accident Brief--“Natural Gas Corporation, Kmston North
Carolma September 29, 1975.”

"National Transportation Safety Board ‘Pipeline Accident Bnef--“Arlzona Public Service Company,
. Phoenix, Arizona, June 30, 1978.” :

*National Transportation Safety Board Plpelme Accident Brief--“Northwestern Public Service, Grand
Island, Nebraska, August 28, 1978.”

National Transportation Safety Board Plpelme Acmdent Brief--“Southwest Gas Corporation, ‘Tucson,
Arlzona Decembera 1981.”



automobiles.'® The Safety Board’s investigation identified a longitudinal crack in a plastic pipe
as the source of the gas leak that led to the explosion. Avallable documentatlon indicates that the
crack was brittle-like. - ' '

A September 1983 natural gas explosion in Minnesota involved the same brand of plastic
piping as that involved in the Waterloo and Nebraska accidents.!' The explosion destroyed one
house and damaged several others, and injured five persons. The Safety Board’s investigation
" determined that rock impingement generated stress intensification that resulted in a crack in'a
plastic pipe. Available documentation indicates that the crack was brittle-like.

One-woman was killed and her 9-month-old daughter injured in a December 1983 natural
gas explosion and fire in Texas.'? The Safety Board’s investigation determined that the source of
the gas leak was a brittle-like crack that had resulted from damage to the plastic pipe during an -
earlier squeezing operation to control gas. ﬂow :

A September 1984 natural gas explosion in Arizona resulted in five fatalities, seven
injuries, and two destroyed apartments."* The Safety Board’s investigation determined that a
chemical reaction between a segment of plastic p1pe and some 11qu1d trapped 1n the p1pe
weakened the pipe and led to a brittle- llke crack. - :

‘ The procedure used in the United States to rate the strencth ‘of plastic pipe, wh1ch was
developed in the early 1960s, involved subjecting test piping to different stress values and
recording how much time elapsed before the piping ruptured. The stress rupture data of the
samples were then plotted, and a best-fit straight line was derlved to represent the material’s

decline in rupture resistance as its time under stress increased. ‘

To meet the requlrernents of the procedure, at least one tested sample had to be able to
withstand stress rupture testing until at least 10,000 hours; or slightly more than 1 year. The
straight line that was plotted to describe the data for this material was extrapolated out by a factor
of 10, to 100 000 hours (about 11 years). The point at which the sloping straight line ‘intersected
the 100, OOO hour point indicated the appropnate hydrostatlc design basis for this material-

A key assumptlon characterized the assignment of a hydrostatlc desron basis under the
procedure. The procedure assumed that the aradual decline in the strength of plastic piping
material as it was subjected to stress over time would continue to be described by a straight line.

Natlonal Transportanon Safety Board Pipeline Accident Brlef--“Pamﬁc Gas and Electric Company, San
Andreas, California, July 8, 1982.” .

: "National Transportation Safety Board Pipeline Accident Brlef--“Northem States Power Company,
Newport, Minnesota, September 19, 1983.” :

1’National Transportation Safety Board Plpe]me Accident Brief--“Lone Star Gas Company, Terell, Texas
December 9, 1983.” :

Plastic p1pe is sometimes squeezed to control the flow of gas: In some cases, squeezmo plastic plpe can
damage it and make it more susceptible to brittle-like cracking. ,

"*Natiorial Transponatlon Safety Board Pipeline Accident Report--Arizona Public Servzce Company
Natural Gas Explosion and Fzre Phoenix, Arz-ona September 25 1984 (NTSB/PAR-85/01).
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In the early 1960s, the 1ndustry had had little long-term experience w1th plastlc piping, and a
straight line seemed to represent the response of the material to laboratory stress testing. With
little other information on which to base strength estimations, the straight-line assumption
appeared valid. This procedure and assumption for rating the strength was 1ncorporated into
industry and government requirements. :

As experience grew with plastic pipihg materials and as better testing methods were -
developed, however, the straight-line assumptions of the procedure came to be challenged.
'Elevated-temperature testing indicated that polyethylene piping can exhibit a decline :in strength
that does not follow a straight line path, but instead is described by a downturn. The difference
between the actual (falloff) and projected (straight line) strengths becamie even more pronounced
as the lines were extrapolated beyond 100 OOO hours.

The combination of more durable modern plastlc piping materlals and more reahsuc
strength testing has rendered the strength ratings of modern plastic piping much more reliable.
Unfortunately, much of the early plastic piping was sold and installed with expectations of
strength and long-term performance that, because they were based on questionable assumptions
about long-term performance, may not have been valid. This is borne out by data from a variety
of sources. The history of strength rating requirements, a review of the piping properties and
literature, and observations of several experts with extensive experience in plastic piping, all
suggest that much of the polyethylene pipe, depending upon the brands. manufactured from the
1960s through the ‘early 1980s fails at lower stresses and after less time than originally projected.
The Safety Board therefore concluded that the procedure used in the United States to rate the’
strength of plastic pipe may have overrated the strength and resistance to brittle-like cracking of
much of the plastic pipe manufactured and used for gas service frorn the 1960s throuch the early

'1980s. :

Another important assumption of the design protocol for plastic pipe involved the
ductility of the materials. It was assumed, based on short-term tests, that plastic piping had long-
term ductile properties. Ductile material, by bending, expanding, or flexing, can redistribute
~ stress concentrations better than can brittle material, such as cast iron. Notable from results of
tests performed under the strength-rating procedure was that those short-term stress ruptures in
the testing process tended to be characterized by substantial material deformation in the area of
the rupture. This deformation described a material with obvious ductile properties. However, it
was shown that, as time-to-failure increased in stress rupture tests, failures in several materials
occurred as slit failures that, because the.y‘were' not accompanied by substantial deformation,

- were more typical of brittle-like failures. These slit or brittle-like failures were characterized by
crack initiation and slow crack growth. The procedure used to rate the strength of plastic pipe did
not distinguish between ductile fractures and slit fractures and assumed that both types of failures
would be described by the same straight line.

The assumption of ductlhty of plastic piping had important safety ramifications. For
example a number of experts believed it was safe to design plastlc piping installations based on
stresses primarily generated by internal pressure and to give less con51derat19n to stress



intensification generated by external loading. Ductile material reduces stress intensiﬁcation by
locahzed y1eld1nCr or deforrnation o ‘

Based on evrdence exammed by the Safety Board, the- premature transition of plastic
piping from ductile failures to brittle failures.appears to have little observable adverse impact on
the serviceability of plastic piping except in those instances in which undamaged piping is
subjected to  stress 1ntensxﬁcation generated by external* forces. Unfortunately, stress
intensification, which can take many forms, has been found in a number of gas piping systems.
Rock impingement, soil settlement, -and excess pipe bending are among the potential sources of -
stress intensiﬁcation, and the combination of piping with poor resistance to brittle-like cracking
and external forces can lead to significant rates of failures. These failures can, in turn, lead to
serious accidents. The Safety Board therefore' concluded that much of. the plastic pipe
manufactured and used for gas service from the 1960s through the early 1980s may be
susceptible to premature brittle- like fa1lures when subjected to stress 1nten51ﬁcat10n and these
failures represent a potentlal publrc safety hazard -

Premature brittle crackino in plastic plpino is a cornplex phenomenon. Without clear and
straightforward communication to. pipeline operators about brands of piping and conditions that
increase the likelihood of br1ttle cracking, many pipeline operators may not have the knowledge
-to make good decisions affecting public safety. Some of these key decisions include how often to
conduct leak surveys and whether to repair or replace portions of pipeline systems '

Over a number of years the GRI sponsored research projects 1nvest1oat1no various tests
and performance characteristics of polyethylene piping materials. Among these projects was a
series of research investigations directed at exploring the fracture mechanics principles behind
crack initiation and slow crack growth. These investigations led to the development of slow
crack growth tests. The research studies frequently identified the piping and resins studied by
codes rather than by specific materials, manufacturers, or dates of manufacture. In 1984, the GRI
published a study"’ that compared and ranked several commercially extruded polyethylene piping
materials produced after 1971. This study also included several stress rupture curves showing
early transitioning from ductile to brittle failure - modes. Again, the materials tested were
identified by codes. : ‘ : |

In short, the GRI has developed a significant amount of data on older plastic piping, but it
has frequently published the data in codified terms. Without a way to associate codes with
specific products, the average gas pipeline operator could not make effective use of the data.

f

The National Transportanon Board therefore makes the following safety recommendatlon
to-the Gas Research Institute:: ‘

Cassady, M. ], Uralll F. S Lustiger, A. Hulbert L E. Propertzes ofPo/yethylene Gas P:pmg Materials
Toplcal Report (January 1973 December 1983) GRI Report 84/0]69 Gas Research Institute. Chicago, lL 1984.



" Publish the codes used to identify plastic piping products in previous Gas
Research Institute studies to make the information contained in these studies more -
- useful to pipeline system operators. (P-98-6)

Also, the National Transportation Safety Board issued Safety Recommendatxons P-98-1
through -5 to the Research and Special Programs Administration; P-98-7 through -9 to the
Plastics Pipe Institute; P-98-10 to the Gas Piping Technology Committee; P- 98-11 and -12 to the
American Society for Testing and Materials; P-98-13 to the American Gas Association; P-98-14
and -15 to MidAmerican Energy Corporation; P-98-16 and -17 to Continental Industries, Inc.; .
P-98-18 to Dresser Industries, Inc.; P-98-19 to Inner-Tite Corporation; and P- 98 20 to Mueller

Company.

The National Transportation Safety Board is an independent Federal agency with the
statutory responsibility “to promote transportation safety by conducting independent accident
investigations and by formulating safety improvement recommendations” (Public Law 93-633).
The Safety Board is vitally interested in any action taken as a Tresult of its safety
recommendations. Therefore, it would appreciate a response from you regarding action taken or
contemplated with respect to the recommendation in this letter. Please refer to Safety
Recommendation P-98-6 in your reply. If you need additional information, you may call (202)
314-6469.

Chairman HALL, Vice Chairman FRANCIS, and Members HAMMERSCHMIDT,
GOGLIA, and BLACK concurred in this recommendation.







National Transportation Safety Board
~ Washington, D.C: 20594
Safety Recommendation

Date: April 30, 1998

In reply refer to: - P-98-7 throngh -9

‘Mr. Rich Gottwald '
- Executive Director
Plastics Pipe Institute
1801 K Street, NW.
Suite 600K
Washington, D.C. 20006-1301

Desp1te the general acceptance of plastic piping as a safe and economical alternatwe to
piping made of steel or other materials, the Safety Board notes that a number of p1pehne
accidents it has investigated have involved plastic piping that cracked in a brittle-like manner.
For example, on October 17, 1994, an explosion and fire in Waterloo, Iowa, destroyed a building
and damaged other property. Six persons died and seven were injured in the accident. The Safety
Board investigation determined that natural gas had been released from a plastlc service.pipe that
had failed in a brittle-like manner at a connection to a steel main.

The Safety Board also investigated a gas exploswn that resulted- in 33 deaths and 69
injuries in San Juan, Puerto Rico, in November 1996.' The' Safety Board’s investigation
- determined that the explosion resulted from ignition of propane gas that had migrated under
pressure from a failed plastic pipe that displayed evidence of brittle-like circumferential cracking.

1

The Railroad Commission of Texas investigated a natural gas explosion and fire that
resulted in one fatality in Lake Dallas, Texas, in August 1997. A metal pipe pressing against a
plastlc pipe generated stress'intensification that led to a br1tt1e like crack in the plastic pipe.

A broader Safety Board survey of the acc1dent history of plastic piping suggested that the
material may be susceptible to premature brittle-like ‘cracklno under conditions of stress
intensification. No statistics exist that detail how much and from what years any plastic piping
.- may already have been replaced; however, hundreds of thousands of miles of plastic piping have
been installed, with a significant amount of it having been installed prlOI‘ to the m1d 1980s. Any

k]

~ 'For more information, see National Transportation Safety Board Plpelme Accident Report--San Juan Gas
. Company, Inc./Enron Corp., Propane Gas Exploszon in San Juan, Puerte Rico, on November 21, 1996
(NTSB/PAR-97/01) :

Rallroad Commlssxon of Texas Accident Investigation No. 97 AI 055 October 31, 1997.
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vulnerabrhty of this mater1a1 to premature farlure could represent. a serrous potential hazard to
publrc safety. L ‘

In an attempt. to gauge the extent of brittle-like failures in plastic piping and to assess
trends and causes, the Safety Board examined pipeline accident data compiled by the Research
and Special Programs Administration (RSPA). The examination revealed that the data were
insufﬁcient to serve as a basis for assessing the long-term performance of plastic pipe.

Lacking adequate data frorn RSPA the Safety Board reviewed published technical .
literature and contacted more than 20 experts in gas distribution plastic piping to determine the
estimated frequency of brittle-like cracks in plastic piping. The majority of the published
literature and experts indicated that failure statistics would be expected to vary from one gas
system operator to another based on factors such as brands and dates of manufacture of plastic
* piping in service, installation practices, and ground temperatures, but they indicated that brittle-
- like failures, as a nationwide average, may represent the second most frequent failure mode for
older plastrc piping, exceeded only by excavation damage.

The Safety ‘Board asked several gas system operators about their direct experience with
brittle-like, cracks. Four ‘major gas system operators reported that they had compiled failure
statistics sufficient to estimate the extent of brittle-like failures. Three of those four said that
brittle-like failures are the second most frequent failure mode in their plastic pipeline systems.
One of these operators supphed data showrno that 1t experlenced at least 77 brittle-like failures in
plastic piping in 1996, alone

As an outgrowth of the Safety Board’s 1nvest1gat10ns into the Waterloo Iowa; San Juan,
Puerto Rico; and about a dozen other accidents, and in view of indications that some plastic -
piping, particularly older piping, may be subject to premature failure attributable to brittle-like
* cracking, the Safety Board undertook a specral 1nvest10at10n of polyethylene gas service pipe.
The 1nvest1gat10n addressed the followrng safety 1ssues

e The vulnerablllty of plastrc p1p1ng to premature failures due to brittle-like crackrng,

e - The adequacy of available guidance relatrng to the installation and protectron of
~ plastic.piping connectrons to steel marns and .

¥

. Performance monltormg of plastrc plpehne systems as a way of detectm0
‘unacceptable performance in prprno systems : ’

The Waterloo, San Juan, and Lake Dallas accidents were only three of the most recent in
a series of accidénts in which brittle-like cracks in plastic prplng have been implicated. In Texas -
in 1971, natural gas mrgrated into a house from a brittle-like crack at the connection of'a plastic

*For more information, see National Transportation Safety Board Pipeline Special lnvestloatron Report--
Brittle-like Cracking in Plastic Pipe for Gas Service (NTSB/SIR-98/01). :
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“service line to a plastic main.* The gas ignited and exploded, destroying the house and burning
one person. . The investigation determined that vertical loading over the connection generated
long-term stress that led to the crack. : : '

A 1973 natural gas explosron and fire in Maryland severely damaoed a house, killed three
occupants and injured a fourth.” The Safety Board’s investigation revealed that a brittle-like
crack occurred in a plastic pipe as a result of an occluded particle that created a stress-point.

‘The Safety Board’s investigation of a natural gas explosion and fire that resulted in three
fatalities in North Carolina in 1975° determined that the gas had accumulated because a concrete
drain pipe resting on a plastic service. pipe had prec1p1tated two. cracks in the plastlc pipe.
Available documentatron suggests that these cracks were br1tt1e like.

A 1978 natural gas accident in Arizona destroyed 1 house, extensively damaged 2 others,
partially damaged 11. other homes, and resulted in 1 fatality and 5 injuries.” Available
documentation indicates that the gas line crack that caused the accident was brittle-like. -

A 1978 accident invNeb‘raska involved the same brand of plastic piping as that involved in
the Waterloo accident. A crack in a plastic piping fitting resulted in an explosion that injured one
person, destroyed one house, and damaged three other houses.® The Safety Board determined that
‘inadequate support under the plastic fitting resulted in long-term stress intensification that led to
the formation of a circumferential crack in the fitting. Available documentation mdrcates that the
crack was brittle- hke »

/

A December 1981 ‘natural gas explosion and fire in Arizona destroyed an apartment,
damaged five other apartments in the same building, damaged nearby buildings, and injured
three occupants.” The Safety Board’s investigation determined that assorted debris, rocks, and
chunks of concrete in the excavation backfill generated stress intensification that resulted in a
circumferential crack in -a plastic pipe at a connection to a plastic fitting. Available
documentation indicates that the crack was brittle-like. :

A July 1982 natural gas-explosion and fire in California. destroyed, a store and.two
residences, severely damaged nearby commercial and residential structures, and damaged

- “*National Transportation Safety Board Pipeline Accident Report--Lone Star Gas Company, Fort Worth,
Texas, October 4, 1971 (NTSB/PAR-72/3). ‘

*National Transportation Safety Board Plpelme Accident Report-- Washmgtan Gas Light Company, Bowie,
Maryland, June 23, 1973 (NTSB/PAR-74/5).

*National Transportation Safety Board Pipeline Accident Bnef—-“Natural Gas Corporation, Kinston, North
Carolina, September 29, 1975. ? ,

"National Transportation Safety Board Plpelme Accxdent Brief--“Arizona Public Service Company,
Phoenix, Arizona, June 30, 1978.” . : ‘ ‘

*National Transportation Safety Board Pipeline Accident Brief-—“Northwestern Public Service, Grand
Island, Nebraska, August 28, 1978.” :

“National Transportatlon Safety Board Pipeline Accident Brlef--“Southwest Gas Corporatlon Tucson,
Arizona, December 3, 1981.” :



automobiles.'® The Safety Board’s investioation identified a lonOitudrnal crack in a plastic pipe
as the source of the gas leak that led to the explosion. Avarlable documentatron 1nd1cates that the
crack was brittle-like.

A September 1983 natural gas explosion in Minnesota involved the same brand of plastic
piping as that involved in the Waterloo and Nebraska accidents.'' The explosion destroyed one
house and damaged several.others, and injured five persons. The Safety Board’s investigation
determined that rock impingement generated stress intensification that resulted in a crack in a
plastic pipe. ‘Available documentatlon indicates that the crack was brittle- hke .

One woman was krlled and her 9-month- old dauOhter 1njured ina December 1983 natural
‘gas explosion and fire in Texas."? The Safety Board’s investigation dptermtned that the source of
the gas leak was a brittle-like crack that had resulted from damage to the plastrc pipe during an
.earlier squeezrno operatlon to- control gas ﬂow : .

A September 1984 natural gas explosron in Arizona resulted n ﬁve fatalities, seven
injuries, and two destroyed apartments.'* The. Safety Board’s investigation determined that a
reaction between a segment of plastrc prpe and some 11qu1d trapped in the prpe weakened the pipe
and led toa brrttle hke crack :

Excavations following the Waterloo, lowa; accident uncovered, at a depth of about 3 feet,
a 4-inch steel main.”” Welded t6 the top of the main was a steel tapping tee. Connected to the
steel tee was a 1/2-inch plastic service pipe. Markings on the plastic pipe indicated that it was a
medlum density polyethylene material manufactured on June 11, 1970, in accordance with
American Society for Testing and Materials (ASTM) standard D2513. The pipe had been
marketed by Century Ut111ty Products Inc. (Century). The plastrc pipe was found cracked at the
end of the tee’s 1nterna1 strffener and beyond the couplrn0 nut.

The 1nvest1gat10n determrned that much of the top portlon of the cucumference of the
pipe immediately outside the tee’s internal stiffener displayed several brittle-like slow crack
initiation and growth fracture sites. These slow crack fractures propagated on almost parallel
plaries slightly offset from each other through the-wall of the pipe. As the slow cracks' from
different planes continued to grow and began to overlap one another, ductile tearing occurred

'®National Transportation Safety Board Plpelme Accrdent Brlef--“Pac1ﬁc Gas and Electrlc Company, San

" Andreas, Cahforma July 8, 1982."

"'National Transportatlon Safety “Board Plpelme Accident Brlef--“Northern States Power Company,
Newport Minnesota, September 19, 1983.” - N

""National Transportatron Safety Board Plpelme Accident Brlef-- ‘Lone Star Gas Company, Terell Texas
December 9, 1983.”

Plastic pipe is sometimes squeezed-to control-the flow of gas. In some cases, squeezmcr plastic pipe can
damage it and make it more susceptible to brittle-like cracking. - ‘

“National Transportation Safety Board Pipeline Accndent Report--Arz ona Public Service Company
Natural Gas Explosion and Fire, Phoenix, Arizona, September 25, 1984 (NTSB/PAR-85/01).

For'more information, see Pipeline Accident Brief in appendix to National Transportation Safety Board
PipelinepSpecnal Investigation Report--Brztt[e-l:ke Cracking in Plastic Pipe for Gas Service. "
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between the planes. Substantial deformation was observed in part of the fracture; however, the
initiating cracks were still classified as brittle-like. ' ‘ -

Samples recovered from the plastic service line underwent several laboratory tests under
the supervision of the Safety Board. Two of these tests were meant to roughly gauge the pipe’s
susceptibility to brittle-like cracking. These tests were a compressed ring environmental stress
crack resistance (ESCR) test in accordance with ASTM F1248 and a notch tensile test known as
a PENT test that is now ASTM F1473. Lower failure times in these tests indicate a greater
susceptibility to brittle-like cracking under the test conditions. The ESCR testing of 10 samples
from the pipe yielded a mean failure time of 1.5 hours, and the PENT testing of 2 samples
yielded failure times of 0.6 and 0.7 hours. Test values this low have been associated with
materials having poor performance histories'® characterized by high leakage rates at points of

stress intensification due to crack initiation and slow cfa_ck growth typical of brittle-like cracking.

The Safety Board haé investigated two other pipelines accidents, one in Nebraska in 1978 |
and one in Minnesota in 1983, that involved Century piping. The Safety Board is also aware of
four other accidents that it did not investigate that involved the same brand of piping.

The Century pipe involved in the Waterloo accident was made from Union Carbide’s
DHDA 2077 Tan resin. Although Union Carbide’s laboratory data supported Union Carbide’s
claimed strength, the Safety Board’s review of the same data showed that the material had an
early ductile-to-brittle transition, indicating poor resistance to brittle-like fractures. ‘

As a result of its investigation of the Waterloo accident, the Safety Board made the
following safety recommendation to the Research and Special Programs Administration (RSPA)

Notify pipeline system operators who. have installed polyethylene gas piping
extruded by Century Utility Products, Inc., from Union Carbide Corporation
DHDA 2077 Tan resin of the piping’s poor brittle-crack resistance, and require
these operators to develop a plan to closely monitor the performance of this
product and to take any action necessary to ensure that the presence of this piping
in a gas system is not now and does not become a threat to public safety. (P-98-1)

_ As you know, in the early years, the procedure used to rate the strength of plastic piping
material assumed that the gradual decline in the strength of plastic piping material as it was
subjected to stress over time would continue to be described by a straight line. As you are equally
aware, however, elevated-temperature testing has indicated that polyethylene piping can exhibit a
decline in strength that does not follow a straight line path, but instead is described by a

léUralil, F. S, et al., The Development of Improved Plastic Piping Materials -and Systems for Fuel Gas
Distribution—Effects. of Loads on the Structural and Fracture Behavior of Polyolefin Gas Piping, Gas Research
Institute Topical Report, 1/75 - 6/80, NTIS No. PB82-180654, GRI Report No. 80/0045, 1981; Hutbert, L. E.,
Cassady, M. I, Leis, B. N, Skidmore, A., Field Failure Reference Catalog for Polyethylene Gas Piping, Addendum
No. I, Gas Research Institute Report No. 84/0235.2, 1989; and Brown, N. and Lu, X., “Controlling the Quality of
PE Gas Piping Systems by Controlling the Quality of the Resin,” Proceedings, Thirteenth International Plastic Fuel
Gas Pipe Symposium, pp 327-338, American Gas Association, Gas Research Institute, Battelle Columbus
Laboratories, 1993. ‘



downturn. The difference between the actual ‘(falloff) and projected - (straight line) strengths
became even more pronounced as the lines were extrapolated-beyond 100,000 hours.

Piping manufacturers have addressed this issue by improving their formulations to delay
onset of the downturn in strength. At the same time, the procedure was improved to reflect the
fact that elevated-temperature testing, by accelerating the fracture process, provided a good
representation of the true long-term strength of the tested material at 73 °F. The combination of
more durable modern plastic piping materials and more realistic strength testing has rendered the
strength ratings of modern plastic piping fairly reliable. Unfortunately, much of the early plastic
" piping was sold and installed with expectations of strength and long-term performance that,
because they were based on questionable assumptions about long-term performance, may not
have been' valid. This is borne out by data from a variety of sources. The history of strength
rating requirements; a review of the piping properties and literature, and observations of several
experts with extensive experience in plastic piping, all suggest that much of the polyethylene
pipe, depending upon the brands, manufactured from the 1960s through ‘the early 1980s fails at
lower stresses and after less time than originally projected. The Safety Board therefore concluded
that the procedure used in the United States to rate the strength of plastic pipe may have
overrated the strength and resistance to brittle-like cracking of much of the plastic pipe
manufactured and used for gas service from the 1960s through the early 1980s. '

‘ As a result of this ﬁndmg, the Safety Board rnade the followmo safety recommendatron
to RSPA B ‘ : R o " '

Determine the extent of the susceptibility to premature’ brittle-like cracking of
older plastic. piping (beyond that piping marketed by Century Utility Products,
Inc.) that remains in use for gas service nationwide. Inform gas system operators
of the findings and require them to closely monitor the performanee of the older
plast1c piping and to identify ‘and replace, in a timely manner, any of the piping
that indicates poor performance based on such evaluation factors -as installation,

operating, and envrronmental condltlons prpmo farlure characterrstrcs and leak
hlstory (P-98-2) _ K : -

Premature brittle crackm0 in. plastlc piping is a complex phenomenon Without clear and
straightforward communication to pipeline operators about brands of piping and conditions that
increase the likelihood of brittle cracking, many pipeline opérators may not have the knowledge
to make good decisions affecting public safety. Some of these key decisions include how often to
conduct leak surveys and whether to repair or replace portions of pipeline systems.

Frequently, piping manufacturers, because they can receive feedback from a number of
customers are the ﬁrst to learn of systemic problems with their products. For small operators.
contact with a manufacturer may be the major source of outside communication about poorly
performing . products. Unfortunately, while manufacturers have a high degree of technical
expertise regarding their products, the Safety Board is aware of only a very few cases in which
manufacturers of resin or pipe have formally notified the gas industry of materlals having poor
. resistance to brittle crackmg .



Furthermore, perhaps because the possibility of premature failure of plastic piping due to
brittle-like cracking has not been fully appreciated within the industry and the scope of the
potential problem has not been fully measured, the Federal Government has not provided
information on this issue to gas system operators. The Safety Board concluded that gas pipeline
operators have had insufficient notification that much of the plastic pipe manufactured and used
for gas service from the 1960s through the early 1980s may be susceptible-to brittle-like cracking
and therefore may not have implemented adequate pipeline surveillance and replacement
programs for their older piping. In the view of the Safety Board, manufacturers of resin and pipe
should do more to notlfy plpehne operators about the poor brittle-crack resistance of some of
their past products. ‘ '

Stress intensification has been an element common to many plastic gas pipeline accidents
investigated by the Safety Board. Based on evidence examined by the Safety Board, the
premature transition of plastic piping from ductile failures to brittle failures appears to have little
observable adverse impact on the serviceability of plastic piping except in those instances. in
which the piping is subjected to external forces. Unfortunately, stress intensification, which can
take many forms, has been found in a number of gas piping systems. Rock 1mp1noement soil
settlement, and excess plpe bending are among the potential sources of stress intensification, and
the combination of piping with poor resistance to brittle-like cracking and external forces, can
lead to significant rates of failures. These failures can, in turn, lead to serious accidents. The
Safety Board therefore concluded that much of the plastic pipe manufactured and used for gas
service from the 1960s. through the early 1980s may be susceptible to premature brittle-like
failures when subjected to stress intensification, and these failures represent a potential public

safety hazard.

Examples of conditions that can generate stress intensification include differential earth
settlement, particularly at connections with more rigidly anchored fittings; excessive bending as |
a result of installation configurations, especially at fittings; and point contact with rocks or other
objects. The Safety Board special investigation determined that much of the: available guidance
to gas system operators for limiting stress intensification at plastic pipeline connections to steel”
mains is inadequate or ambiguous. Based on its review of this guidance and on the history of the
plastic pipeline accidents it has investigated, the Safety Board concluded that, because guidance
covering the installation of plastic piping is inadequate for limiting stress intensification at
plastic service connections to steel mains, many of these connections may have been installed
without adequate protection from shear and bending forces.

‘The gas service involved in the Waterloo, lowa, accident was installed with a horizontal
bend that was sharper than that recommended by current gas industry guidance
recommendations; however, the bend may have been installed in the direction of the residual coil
bend. Gas industry recommendations do not address residual bending in the pipe, even though
plastic piping is often delivered to job sites in banded coils, which leaves some residual bending
in the piping even after the bands are removed. Installing coiled pipe with any necessary bending
in the direction of the residual bend may be a good practice to limit stresses. Conversely, bending
pipe against the direction of the residual coil bend, even if the resulting bend is in accordance
with gas industry recommendations, will induce greater stresses.



The Natlonal Transponatlon Safety Board therefore makes the following safety
recommendatrons to the Plastrcs P1pe Instrtute :

Advtse your-members to notify prpelme system operators if any of their piping

products, or materials used in the manufacture of piping products, currently in

service for natural gas or other hazardous materrals 1nd1cate poor resistance to
- brittle- hke failure. (P-98-7)

Advise your plastic pipe ntanufacturing members to develop and publish
recornmendations for limiting shear and bending forces at plastic service pipe
connections to steel mains. (P-98-8)

Advise your plastic pipe manufacturing members to revise their pipeline bend
radius recommendations as necessary to take into account the effects of residual
coil bends in plastic piping. (P-98-9)

Also, the Nattonal Transportation Safety Board issued Safety Recommendations P-98-1
through -5 to the Research and Special Programs Admrnrstratron P-98-6 to'the Gas Research
Institute; P-98-10 to the Gas Piping Technology Committee; P-98-11 and -12 to the American
Society for Testing and Materials; P-98-13 to the American Gas Association; P-98-14 and -15 to
‘MidAmerican Energy. Corporatton P-98-16 and -17 to Continental Industries, Inc.; P-98-18 to
Dresser Industries, Inc.; P- 98 19 to Inner-Trte Corporation; and p- 98 20 to Mueller Company.

The National Transportatton Safety Board is an independent Federal agency with the
statutory responsibility “to promote transportation safety by conducting independent accident
investigations and by formulating safety improvement recommendations” (Public Law 93-633
The Safety Board is vitally interested in any action taken as a result of its safety
recommendations. Therefore it would appreciate a response from you reoardmo action taken or -
.contemplated with respect to the recommendations in this letter. Please refer to Safety
: Recommendatrons P-98-7 throu0h -9in your reply. If you need addtttonal information, you may
call (202).314-6469. ’ :

_ Chairman HALL, Vice: Chatrman FRANCIS, and Members HAMMERSCHMIDT,
GOGLIA and BLACK concurred n these recommendattons




National Transportation Safety Board
Washington, D.C. 20594
Safety Recommendation

Date:  aApri1.30, 1998

In reply refer to:  P-98-10

- Mr. John H. Frantz
Chairman o
Gas Piping Technology Comm1ttee
PECO Energy Company
300 Front Street
West Conshohecken, Pennsylvania 19428- 2723

Despite the 0eneral acceptance of plastic piping as a safe and économical alternatlve to
piping made of steel or .other materials, the Safety Board notes that a number of pipeline
accidents it has investigated have involved plastic piping that cracked in a brittle-like manner.
For example, on October 17,1994, an explosion and fire in Waterloo, lowa, destroyed a building -
and damaged other property. Six persons died and seven were injured in the accident. The Safety
Board investigation determined that natural gas had been released from a plastlc service pipe that
had failed in a br1ttle like manner at a connection to a steel main.

The Safety Board also mvestlgated a gas explosion that resulted in 33 deaths and 69
injuries in San Juan, Puerto Rico, in November 1996." The Safety Board’s investigation
determined that the explosion resulted from ignition of propane gas that had migrated under
pressure from a failed plastic pipe that displayed evidence of brittle-like circumferential cracking.

~ The Railroad Commission of Texas investigated a natural gas explosion and fire that
resulted in one fatality in Lake Dallas, Texas, in August 1997.> A metal pipe pressing against a |
plastic pipe generated stress intensification that led to a brittle-like crack in the plastic pipe.

A broader Safety Board survey of the accident history of plastic piping sug gested that the
material may be susceptible to premature brittle-like cracking under conditions of stress
intensification. No statistics exist that detail how much and from what years any plastic piping
" may already have been replaced; however, hundreds of thousands of miles of plastic piping have
been installed, with a significant amount of it having been installed prior to the mid-1980s. Any

'For more information, see National Transportation Safety Board Pipeline Accident Report--San Juan Gus
Company Inc./Enron Corp., Propane Gas Exﬁ/os:on in San Juan Puerto Rico, on November 2], 1996
(’NTSB/PAR 97/01) ‘ :

'Rallroad Commlssmn of Texas Accndent Investloatlon No 97-Al-055, October 31, 1997
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vulnerability of this. materlal to premature farlure could represent a serious potential hazard to
public safety.

In an attempt to gauge the extent of brittle-like failures in plastic piping and to assess
trends and causes, the Safety Board examined pipeline accident data compiled by the Research
and Special Programs Administration (RSPA). The examination revealed that the data were
insufficient to serve as a basis for assessing the long-term perforrnance of plastic pipe.

Lacking adequate data from RSPA, the Safety Board reviewed published technical
literature and contacted more than 20 experts in gas distribution plastic piping to determine the
- estimated frequency of brittle-like ‘cracks in-plastic piping. The majority of the published
literature and experts indicated that failure statistics would be expected to vary from one gas
system operator to another based on factors such as brands and. dates of manufacture of plastic
piping in service, installation practices, and ground temperatures, but they indicated that brittle-
- like failures, as a nationwide average, may represent the second most frequent farlure mode for

older plastic piping, exceeded only by excavation damage -

The Safety Board asked several gas system operators about the1r direct experience with
brittle-like cracks. Four major gas system operators reported that they had compiled failure
statistics sufficient to estimate the extent of brittle-like failures. Three of those four said that
brittle-like failures are the second most frequent failure mode in their plastic pipeline systems.
. One of these operators supphed data showmg that it experrenced at least 77 brittle-like farlures In
plastic prpmg in 1996 alone ‘

As an outgrowth of the Safety Board’s investigations into the Waterloo; Iowa; San Juan,
Puerto Rico; and about.a dozen other accidents, and in view of indications that -some plastic
piping, particularly older piping, may be subject to premature failure attributable to brittle-like
cracking, the Safety Board undertook a spec1al 1nvest10at10n of polyethylene gas service pipe.
The 1nvest1gat10n addressed the followmg safety issues:”

e The vulnerab1lrty of plastrc piping to premature failures due to brittle- llke crackmg,

. The adequacy ‘of .available gu1dance relating to the installation and protection . of
plastic piping connections to steel mains; and ’

e Performance momtorrng of plastic p1pehne systems as a way, of detectmg
‘unacceptable performance in piping systems

?

Almost all of the plastic pipeline accidents the Safety Board has investigated involving
‘brittle-like cracking have been linked to stress intensification generated by external forces acting
on the pipe. Examples of conditions that can generate stress intensification include differential
earth settlement, particularly at connections with more rigidly anchored 'fittings; excessive

’f

*For more information, see National Transportation Safety Board Pipeline Specral Investlcatron Report-- .
Brmle-llke Crackmg in Plastzc Pipe for Gds Service (NTSB/SIR-98/01).
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bending as a result of installation conﬁcuratlons espec1ally at ﬁttmos and pomt contact with
rocks or other objects o

The Safety Board’s special investigation determined that much of the available guidance
to gas system operators for limiting stress intensification at plastic pipeline connections to steel
mains is inadequate or ambiguous. Safety Board investigators contacted representatives of the
four principal companies that marketed plastic piping for gas service to determine to what extent
plastic piping manufacturers were providing recommendations for limiting shear and bending
forces at plastic service connections to steel mains via steel tapping tees. ‘ ‘

Three of these manufacturers had published recommendations addressing these issues.
These three manufacturers have historically emphasized heat fusion fitting systéms instead of
field-assembled mechanical fitting systems. Representatives of these manufacturers indicated
that mechanical fittings manufacturers should provide installation instructions covering their
systems. Accordingly, one of the manufacturers’ published literature referred the reader to the
manufacturers of mechanical fittings for installation instructions. Nonetheless, these three major
polyethylene pipe manufacturers did, in fact, provide recommendations to limit shear. and
~ bending forces, and these recommendations can apply to plastic service connectlons to steel
malns via steel tapping tees.

With respect to the specific issue of limiting bends, DuPont, in January 1970, issued
recommendations to limit bends for polyethylene pipe. DuPont/Uponor® later published bend
radius recommendations that differentiated between pipe segments consisting of pipe alone and
those with fusion fittings. The recommendations specified much less bending for pipe segments
with fusion fittings; however, DuPont/Uponor did not provide bend limits for mechanical
fittings. Two of the other major manufacturers (Phillips Driscopipe and Plexco) provide bend
limits and differentiate between pipe alone and pipe with fittings, without specifying the type of
fittings. None of the manufacturers’ literature discusses bending with or against any residual
bend remaining in the pipe after it is uncoiled.

Of these four major polyethylene gas pipe manufacturers, only one had no published
recommendations for limiting shear and bending forces at plastic service connections to steel
mains via steel tapping tees. Although that company does not manufacture steel tapping tees with
compression ends for attachment to plastic services, it does manufacture pipe that will be
attached to steel tapping tees via mechanical compression couplings.

The Safety Board attempted to identify every U.S. steel tee manufacturer that currently
manufactures steel tees with a compression end for plastic gas service connections. None of these
manufacturers has published installation recommendations to limit shear and bending forces on
the plastic pipe that connects to their steel tapping tees.

The service involved in the Waterloo, Iowa, accident was installed with a bend at the
connection point to the main. The plastic service pipe leaving the tee immediately curved

~4Uponor purchased DuPont’s plastic pipe business in 1991. -



horizontally. The pipe was cut out and brought into the laboratory, at which time the bend had a
measured horizontal radius of approximately 34 inches. Based on field conditions and photos,
MidAmerican Energy (the current Waterloo system operator) estimated the original installed
horizontal bend radius to have been about 32 inches. This bend is. sharper than that allowed by
current industry installation recommendations for modern piping adj acent to fittings.

Based on its review of this guidance and on the history of the plastic pipeline accidents it
has investigated, the Safety Board concluded that, because guidance covering the installation of
- plastic piping is inadequate for limiting stress intensification at plastic service connections to
‘stee]l mains, many of these connections may have ‘been installed without adequate protection
from shear and bendmg forces '

In its-investigation of the previously referenced 1971 acc1dent in Texas the Safety Board
determined that protective sleeves were too short to fully protect a series of service connections
to a main. The Safety Board noted that a protective sleeve must have the correct inner diameter
and length if it is to protect the connection from excessive shear forces. As. a result, and in
response to a Safety Board safety recommendation,’ the 1974 and later editions of the GPTC
Guide for Gas Transmission and Distribution Piping Systems included guidance that “a
- protective sleeve designed for the specific type of connection should be used to reduce stress
concentrations.” '

Designing protective sleeves for the specific connection is presumed to include designing
the sleeve for the correct inner diameter and length, and may also include positioning the sleeve
correctly, since positioning the sleeve affects its effective length. However, if steel tapping tee
manufacturers do not address the parameters for sleeve design and positioning, gas pipeline
operators may not realize the importance of determining these parameters. The guidance would
be much more useful to gas pipeline operators if the‘GPTC included in the guide a specific
statement of the need to design protective sleeves so that they will have the correct inner
diameter and length, as well as the need to properly position the sleeves.

' The GPTC Guide does not include recommendations to limit bending in plastic piping
during the. installation of service lines under 49 Code of Fedéral Regulations (CFR) 192.361.
Although the Guide references the 4:G. 4. Plastic Pipe Manual for Gas Service, and this manual
does provide recommendations on bending limits, the GPTC Guide does .not reference this
manual in its guidance material under 49 CFR 192.361.

The National Transportation Safety. Board therefore makes the following safety
recommendatlon to the Gas P1p1ng Technology Comrmttee

Revise the Guide for Gas Transmzsszon and Dzstrzbutzon Piping Systems to
include complete guidance for the proper installation of plastic service pipe
connections to steel mains. The guidance should emphasize the need to limit pipe

Safety Recommendation P-72-64 from National Transportation Safety Board Pipeline Accxdent Report--
Lone Star Gas Company, Fort Worth Texas, October 4, 1971 (NTSB/PAR-72/5). .



‘ bending and should include a discussion of the proper design and positioning of a
protective sleeve to limit stress at the connection. (P-98-10)

‘ Also, the National Transportation Safety Board issued Safety Recommendations P-98-1
through -5 to the Research and Special Programs Administration; P-98-6 to the Gas Research
Institute; P-98-7 through -9 to the Plastics Pipe Institute; P-98-11 and -12 to the American
Society for Testing and Materials; P-98-13 to the American Gas Association; P-98-14 and -15 to
MidAmerican Energy Corporation; P-98-16 and -17 to Continental Industries, Inc.; P-98-18 to
Dresser Industries, Inc.; P-98-19 to Inner:Tite Corporation; and P-98-20 to Mueller Company ..

The National Transportation Safety Board is an mdependent Federal aoency with the
. statutory responsibility “to promote transportation safety by conducting independent accident
investigations and by formulating safety improvement recommendations” (Public Law 93-633).
The Safety Board is vitally interested in any action taken as a result of its safety
recommendations. Therefore, it would appreciate a response from you regarding action taken or-
contemplated with respect to ‘the recommendation in this letter. Please refer to Safety
Recommendation P-98-10 in your reply. If you need addmonal information, you may call (207)

- 314-6469.

Chairman HALL, Vice Chairman FRANCIS, and Members HAMMERSCHMIDT
GOGLIA and BLACK concurred in this recornmendatlon







National Transportation Séf_ety Board
~ Washington, D.C. 20594
Safety Recommendation

Date: april 30, 1998 .

In reply refer to: P-98-11 and -12 o

Mr. James A. Thomas

President

American Society for Testmo and Materials -
100 Barr Harbor Drive

West Conshohocken, Pennsylvania 19428-2959

' Despité the general acceptance of plastic piping as a safe and economical alternative to
piping made of steel or other materials, the Safety Board notes that a number of pipeline
accidents it has investigated have involved plastic piping that cracked in a brittle-like manner.
For example, on October 17, 1994, an explosmn and fire in Waterloo, Iowa, destroyed a building
and damaged other property. Six persons died and seven were injured in the accident. The Safety
Board investigation determined that natural gas had been released from a plastic service pipe that

'had failed in a brittle-like manner at a connection to a steel main.

The Safety Board also 1nvest10ated a gas explos1on that resulted in 33 deaths and 69
injuries in San Juan, Puerto Rico, m November 1996." The Safety Board’s investigation
determined that the explosion resulted from ignition of propane gas that had migrated under
pressure from a failed plastic pipe that displayed evidence of ‘brit'tle-like circumferential cracking.

The Railroad Commission of Texas investigated a natural gas explosion and fire that
resulted in one fatality in Lake Dallas, Texas, in August 1997.° A metal pipe pressing against a
plastic pipe generated stress intensiﬁcaﬁon that led to a brittle-like crack in the plastic pipe.

A broader Safety Board survey of the accident history of plastic piping suggested that the
material may be susceptible to premature brittle-like cracking under conditions of stress
" intensification. No statistics exist that detail how much and from what years any plastic piping

may already have been replaced; however, hundreds of thousands of miles of plastic piping have .

. been installed, with a significant amount of it having been installed prior to the mid-1980s. Any

'For more information, see National Transportation Safety Board Pipeline Accident Report--San Juan Gas
Company, Inc./Enron Corp., Propane Gas Explosion in San Juan, Puerto Rico, on November 21, 1996
(NTSB/PAR-97/01)." :

*Railroad Comm1551on of Texas Accident Investigation No. 97- AI 033 October 31, 1997
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vulnerabrhty of this material to premature farlure could represent a serious potentral hazard to
public safety. .

In an attempt to gauge the extent of brittle-like failures in plastic piping and to assess
trends and causes, the Safety Board examined pipeline accident data compiled by the Research
- and Special Programs Administration (RSPA). The- examination revealed that the data were
‘insufficient to serve as a basis for assessing the long-term performance of plastrc pipe.

- Lacking adequate data from RSPA, the "Safety Board reviewed published technical
" literature and contacted more than 20 experts in gas distribution plastrc piping to determine the
‘estimated frequency of brittle- like cracks in plastic piping. The majority "of the publrshed
literature and experts indicated that failure statistics would be expected to vary from one -gas
system operator to another based on factors such as brands and dates of manufacture of plastic
piping in service, installation practices, and ground temperatures, but they indicated: that brittle-
 like failures, as a nationwide average, may represent the second most frequent failure mode for
older plastic piping, exceeded only by excavatlon damage: :

The Safety Board asked several system operators about their direct experience with
brittle-like cracks. Four ma]or 0as system operators ‘reported that they had comprled failure
statistics sufficient to estimate the extent of brittle-like failures. Three of those four said that
brittle-like failures are the second most frequent failure mode in their plastic pipeline systems.
One of these operators supplied data showmg that it experienced at least 77 brrttle like farlures in
plastrc plpmg in 1996 alone. : ' :

As an outgrowth of the Safety Board S mvestrgauons into the Waterloo, [owa; San Juan,
Puerto Rico; and about a dozen other accidents, and in view of indications that some plastic
piping, particularly older piping, may 'be subject to premature failure attributablé to ‘brittle- like
cracking, the Safety Board undertook a special 1nvest10at10n of polyethylene gas servrce pipe.
The 1nvest1gatron addressed the followrng safety issues:” :

e The vulnerab1l1ty of plastic prpm0 to premature farlures due to brrttle like crackrng,

e " The adequacy of ava1lable gurdance relating to the: 1nstallat10n and protectron of
plastic piping connectrons to steel mains; and

. Performance rnomtorrncr of plastic pipeline - systems as a way of detectrng'
| unacceptable perforrnance in p1p1ng systems. ‘

Almost all of the plastic plpehne accidents the Safety Board has 1nvest1gated 1nvolv1n0
brittle-like cracking have been linked to stress intensification generated by external forces acting
on the pipe. Examples of conditions that can generate stress intensification include differential
earth settlement, particularly at' connections with more rigidly anchored fittings; excessive

. For more information, see National Transportatlon Safety Board Pipeline Specral Investloatron Report-—_
Brittle- ltke Cracking in Plasnc Ptpe for Gas Service (NTSB/SIR-98/O])
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bending as a result of installation configurations, especially at fittings; and point contact with
rocks or other objects.

The Safety Board’s special investigation determined that much of the available guidance
to gas system operators for limiting stress intensification at plastic pipeline connections to steel
" mains is inadequate or ambiguous. Safety Board investigators contacted representatives of the
four principal companies that marketed plastic piping for gas service to determine to what extent
plastic piping manufacturers were providing recommendations for limiting shear and bending
forces at plastic service connections to steel mains via steel tapping tees. - '

Three of these manufacturers had published recommendations addressing these issues.

These three manufacturers have historically emphasized heat fusion fitting systems instead of
field-assembled mechanical ﬁmng systems. Representatives- of these manufacturers indicated
‘that mechanical fittings manufacturers should provide installation instructions ‘covering their
systems. Accordingly, one of the manufacturers’ published literature referred the reader to the
manufacturers of mechanical fittings for installation instructions. Nonetheless, these three major
polyethylene pipe manufacturers did, in fact, provide recommendations to limit shear and
bending forces, and these recommendations can apply to plastlc service connectrons to steel
mains via steel tapping tees. .

The Safety Board attempted to identify every U.S. steel tee manufacturer that currently
manufactures steel tees with a compression end for plastic gas service connections. None of these
manufacturers has published installation recommendations to 11m1t shear and bending forces on
the plastic pipe that connects to their steel tapping tees. '

Based on its review of this guidance and on the history of the plastic pipeliné accidents it
has investigated, the Safety Board concluded that, because guidance covering the installation of
plastic piping is inadequate for limiting stress intensification at plastic service connections to
steel mains, many of these connections may have been installed without adequate protectron
from shear and bendrng forces. :

The most recent ASTM standard covering the installation of polyethylene piping (D2774)
was revised in 1994. This standard addresses the vulnerability of the point-of-service connection
to the main. The standard further recommends the use of a protective sleeve if needed to protect
against possible differential settlement. The standard practice additionally advises consultation
with manufacturers, which would presumably address designing the sleeve with a proper
diameter and length, as well as positioning the sleeve correctly. However, as noted previously,
none of the steel tapping tee manufacturers has recommended precautions to limit stresses at the
service to main connection; therefore, gas pipeline operators may not realize the 1mportance of
deterrnrmng these parameters.

Currently, manufacturers that provide protective sleeves have their own criteria for
designing sleeve lengths and diameters for their fittings. Some manufacturers’ criteria are based
on limiting stress to a maximum safe value, while one manufacturer has advised the Safety Board
that its sleeve is not designed to limit bending, but only to guard against shear forces at the
connection point. No standard criteria exist for designing protective sleeves. A published



common criteria would better motivate a wider spectrum of manufacturers and gas operators to -
apply scientific reasoning to their decisions on protective sleeve use. A published common
criteria would provide guidance to gas operators who provide their own sleeves rather than using
manufacturer supplred sleeves

- The Natlonal Transportation Safety Board therefore makes the following safety -
recommendanons to the Amerlcan Soc1ety for Testing and Materials:

Revrse ASTM D2774 to emphas1ze that a protectrve sleeve, In order to be
effective, must be of the proper length and inner diameter for the particular
connection and must be positioned properly. (P-98-11)

Develop and publish‘standard criteria for the design of protective sleeves to limit
stress intensification at plastic pipeline connections. (P-98-12)

Also, the National Transportation Safety Board issued Safety Recornrnendations P-98-1
through -5 to the Research and Special Programs Administration; P-98- 6 to the Gas Research
Institute; P-98-7 through -9 to the Plastics Pipe Instltute P-98-10 to the Gas Piping Technology
Committee; P-98- 13 to the American Gas Association; P-98-14 and -15 to MidAmerican Energy
Corporatlon P-98-16 and -17 to Continental Industries, Inc.; P-98-18 to Dresser Industries, Inc.;
P-98-19 to Inner-Tite Corporation; -and P 98-20 to Mueller Companv

The ‘National Transportatron Safety Board is an mdependent Federal agency with the,
: statutory responsibility “to promote transportatron safety by conductmo independent accident
investigations and by formulating safety improvement recommendations” (Public Law 93-633
The Safety -Board .is vitally interested in any action taken as a result of its safety '
recommendations. Therefore, 1t would appreciate a response from you regarding action taken or
contemplated with respect to the recommendations in this letter. Please refer to Safety
Recommendations P-98-11 and -12 in your reply If you need additional information, you may
call (202) 314-6469.

Chairman- HALL, VICC Chalrrnan FRANCIS; and Members HAMMERSCHMIDT
GOGLIA, and BLACK concurred in these recomrnendat1ons




National Transportation Safety Board
Washington, D.C. 20594
Safety Recommendation

Date:  april 30, 1998 -

In reply refer to: P-98-13

Mr. David N. Parker

President and Chief Executive Ofﬁcer
Amenc_an Gas Association

1515 Wilson Boulevard

Arlington, VA 22209

Despite the general acceptance of plastic piping as a safe and economical alternative to
piping made of steel or other materials, the Safety Board notes that a number of pipeline
accidents it has investigated have involved plastic piping that cracked in a brittle-like manner.
For example, on October 17, 1994, an explosion and fire in Waterloo, lowa, destroyed a building
and damaged other property. Six persons died and seven were injured in the accident. The Safety
Board investigation determined that natural gas had been released from a plastic service p1pe that
had failed in a brittle-like manner at a connection to a steel main.

The Safety Board also investigated a gas explosion that resulted in 33 deaths and 69
injuries in San Juan, Puerto Rico, in November 1996." The Safety Board’s investigation
determined that the explosion resulted from ignition of propane gas that had migrated under
pressure from a failed plastic pipe that displayed evidence of brittle-like mrcumferennal cracking.

The Railroad Commission of Texas investigated a natural gas explosion and fire that
resulted in one fatality in Lake Dallas, Texas, in August 19972 A metal pipe pressing against a
plastic pipe generated stress intensification that led to a brittle-like crack in the plastic pipe.

A broader Safety Board survey of the accident history of plastlc piping suOOésted that the
material may be susceptible to premature brittle-like cracking under conditions of stress
intensification. No statistics exist that detail how much and from what years any plastic piping
may already have been replaced; however, hundreds.of thousands of miles of plastic piping have
been installed, with a significant amount of 1t havm0 been installed prlor to the mid-1980s. Any

'For more information, see National Transportatlon Safety Board Pipeline Accident Report--San Juan Gas
Company, Inc/Enron Corp., Propane Gas Explosion in San Juan, Puerto Rico, on November 21, 1996
(NTSB/PAR -97/01). ,

’Railroad Commission of Texas Accndent lnvesnoatlon No. 97-Al- 053 October 31, 1997,
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vulnerability of th1s materlal to premature failure could represent a serious potentlal hazard to
- public safety - - '

In an attempt to gauge the extent of brittle-like failures in plastic piping and to assess
trends and causes, the Safety Board examined pipeline accident data compiled by the Research
and Special Programs Administration (RSPA). The examination revealed that the data were
insufficient to serve as a basis for assessing the long-term performance of plastic pipe.

‘Lacking adequaté data from RSPA, the Safety Board reviewed published technical
literature and contacted more than 20 experts in gas distribution plastic piping to determine the
estimated frequency of brittle-like cracks in plastic piping. The majority of the published
literature and experts indicated that failure statistics would be expected to vary from one gas
system operator to another based on factors such as brands and dates of manufacture of plastic
piping in service, installation practices, and ground temperatures, but they indicated that brittle-
like failures, as a nationwide average, may represent the second most frequent failure mode for

-older plastic piping, exceeded only by excavat1on damage '

The Safety Board asked several gas system operators about their direct experience w1th‘
brittle-like cracks. Four major gas system operators reported that they had compiled failure
statistics sufficient to estimate the extent of brittle-like failures. Three of those four said that
brittle-like failures are the second most frequent failure mode in their plastlc pipeline systems.
One of these operators supplied data showing that it exper1enced at least 77 brittle- llke failures in
plastic p1p1ng in 1996 alone.

As an outgrowth of the Safety Board’s mvestlganons into the Waterloo Iowa; San Juan
Puerto Rico;.and about a dozen other accidents, ‘and in view of indications that some plastic
piping, particularly older piping, may be subject to premature failure attributable to brittle-like
cracking, .the Safety Board undertook a special 1nvest1oat10n of polyethylene gas service pipe.
- The 1nvest1gat10n addressed the followmg safety issues:”’

o The vulnerablhty of plastlc p1p1ng to premature failures due to,brittle-like cracking;

e The adequacy of available guldance relatmo to: the mstallatlon and protectlon of
plastic p1p1ng connections to steel mains; and - ‘

.. Performance momtonng of plastxc pipeline systems as a way of detectmg
unacceptable performance n plplnc systems.

Almost all of the plastic plpehne accidents the Safety Board has investigated involving
brittle-like cracking have been linked to stress intensification generated by external forces acting
on the pipe. Examples of conditions that can generate stress intensification include differential

_earth settlement, particularly at connections with more rigidly anchored fittings; excessive

>For more information, see Nanonal Transportation Safety Board Plpelme Special Investigation Report--
Brittle-like Crackmg in Plasnc Plpe for Gas Service (NTSB/SIR- 98/01)
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bendmg as a result of 1nstallat10n conﬁouratlons especially at ﬁttlngs and point contact thh
rocks or other objects. :

The Safety Board’s special investigation determined that much of the available guidance
to gas system operators for limiting stress intensification at plastic pipeline connections to steel
mains is inadequate or ambiguous. ‘Safety Board investigators contacted representatives of .the
four principal companies that marketed plastic piping for gas service to determine to what extent
plastic piping manufacturers were prov1d1ng recommendations for hmxtmo shear and bending
forces at plastic service connectlons to steel mains via steel tapping tees.

Three of these manufacturers had published recommendations- addressing these issues.
These three manufacturers have historically emphasized heat fusion fitting systems instead of
field-assembled mechanical fitting systems. Representatives of these manufacturers indicated
that mechanical fittings manufacturers should provide installation instructions covering their
systems. Accordmgly, one of the manufacturers’ published literature referred the reader to the
manufacturers of mechanical fittings for installation'instructions. Nonetheless, these three major |
polyethylene pipe manufacturers did, in fact, “provide recommendations to limit shear and
bending forces, and these recommendatlons can apply to plastlc service connections to steel
" mains via steel tapping tees.

The Safety Board attempted to identify every U.S. steel tee manufacturer that currently
manufacturers steel tees with a compression end for plastic gas service connections. None of
these manufacturers has published installation recommendations to limit shear and bending
forces on the plastic pipe that connects to their steel tapping tees. :

Based on its review of this guidance and on the history of the plastic pipeline accidents it
has investigated, the Safety Board concluded that, because guidance covering the installation of
plastic piping is inadequate for limiting stress intensification at plastic service connections to
steel mains, many of these connections may have been 1nsta11ed without -adequate protection
from shear and bendmg forces.

. The service involved in the Waterloo, Iowa, accident was installed with a bend at'the
connection point to the main. The plastic service pipe leaving the tee immediately curved’
horizontally. The pipe was cut out and brought into the laboratory. at which time the bend had a
measured horizontal radius of approx1mately 34 inches. Based on field conditions and photos,
MidAmerican Energy (the currerit Waterloo system operator) estimated the original installed
horizontal bend radius to have been about 32 -inches. This bend is sharper than that allowed by -
current industry installation recommendations for modern piping adjacent to fittings.

The most recent edition of the 4.G. A Plastic Pipe Manual for Gas Service' identifies the
connection of plastic pipe to service tees as “a critical junction’ ’ needing installation measures “to
avoid the potentially high...stresses on the plastic. at this point.” Although the manual
recommends proper support and the use of protectlve sleeves, no 0u1dance 1s mcluded on the

"4.G.A. Plastic Pipe Manual for Gas Service, American Gas Associatior\; Cataleg No. XR 9401, 1994.



importance of a protective sleeve’s proper length, diameter, or placement. Instead, the manual
includes a sentence recommending that manufacturers’ instructions be followed carefully. Such
advice presumes that the manufacturers’ instructions address designing the sleeve to have the
correct inner diameter and length, as well as positioning the sleeve properly, in order to limit the
shear and bending forces at the connection. Unfortunately, since none of the steel tapping tee

- manufacturers recommend any precautions to limit shear and bending forces at the connection

point, gas pipeline operators may not realize the importance of determining these parameters.
The fnanual‘includes, without elaboration, the following sentence: -

Installation of the tee outlet at angles up to45° from the vertical or'along the axis
of the main as a ‘side saddle’ or ‘swing Jomt may be con51dered to further
minimize...stresses.

This sentence 1s subject to ‘different interpretations and does not explain how stresses
might be reduced. Moreover, many gas system pipeline operators recognize that installing
services 90° from the main helps with future locating of the pipe and reduces the likelihood of
excessive bending, which could generate excessive stress. In the view of the Safety Board, this
sentence does not provide useful guidance as it is written, and the A.G.A. Plastic Materials"
Committee would be well advised to either expand on or delete this sentence.

Figure 48 from the Distribution Book D-2 of the A.G.A."s GEOP series shows a steel
tapping tee with a compression coupling joint connected to-a plastic service. The illustration
shows a protective sleeve and includes a note to extend the protective sleeve to undisturbed or
compacted soil or to blocking. But the figures also show the blocking positioned so that either
the edge of the blocking or the edge of the protective sleeve might provide a fixed contact point
on the plastic service pipe if the weight of backfill were to cause the pipe to bend down.
Additional illustrations within this GEOP Series: book show thls same posmonmg of the blockmg
with respect to the plastic p1pe

_ The Safety Board notes that ASME B31.8 and ASTM D2774 ‘discourage supporting

plastic pipe by the use of blocking In the view of the Safety Board, these illustrations would
~ provide better guidance if they were revised to eliminate showmg the p0551b1hty of blockmo or
other fixed contact point supportlng plastic pipe.

The Nat10na1 Transportatlon Safety Board . therefore makes the .following safety
recommendation to the American Gas Asso<:1at1on

Revtse your Plastic Pipe Manual for Gas Service and your Gas Engineering and
Operating' Practices series to provide complete and unambiguous guidance for
limiting stress at plastic pipe service connectlons to steel mains. (P-98- 13)

Also, the National Transportatlon Safety Board 1ssued Safety Recommendatlons P-98-1

o through -5 to the Research and Special Programs Administration; P-98-6 to the Gas Research
Institute; P-98-7 through -9 to the Plastics Pipe Institute; P-98-10 to the Gas Piping Technology
Committee; P-98-11 and -12'to the American Society for Testing and Materials; P-98-14 and -15



to MidAmerican Energy Corporation; P-98-16 and -17 to Continental Industries, Inc.; P-98-18 to
Dresser Industries, Inc.; P-98-19 to Inner-Tite Corporation; and P-98-20 to Mueller Company.

The National Transportation Safety Board is an independent Federal agency with the
statutory responsibility “to promote transportation safety by conducting independent accident
investigations and by formulating safety improvement recommendations™ (Public Law 93-63 3).
The Safety Board is vitally “interested in any action taken as a result of its safety
recommendations. Therefore, it would appreciate a response from you regarding action taken or
contemplated with respect to the recommendation in this letter. Please refer to Safety
Recommendation P-98-13 in your reply. If you need additional information, you may call (202)
314-6469.

Chalrman HALL Vice Chairman FRANCIS, and Members HAMMERSCHMIDT,
GOGLIA, and BLACK concurred in thlS recommendation.







National Transportation Safety Board
Washington, D.C. 20594
Safety Recommendation

. Date:  aApril 30, 1998

In reply refer to: P 98-14 and - 15

Mr. Stanley J. Bright .
Chairman, President, and Chief Executive Officer ,
MidAmerican Energy Corporatron

666 Grand Avenue

Post Office Box 657

Des Moines, Iowa 50303-0657

At 10:07 a.m. central daylight savings time on Monday, October 17, 1994, a natural gas
explosion and fire destroyed a one-story, wood frame building in Waterloo, Iowa. The force of
the explosion scattered debris over a 200-foot radius. The Safety Board investigation determined
that natural gas had been released from a plastrc service plpe that had farled in a brrttle like
manner at a connection to a steel main." ,

Six persons inside the bu11d1ng died, and one person’ sustained serious injuries. Three
persons working in an adjacent bu11d1ng sustained minor injuries when a wall of the building
collapsed-inward from the force of the explosion. The explosion also damaged nine parked cars.
A person in a vehicle who had just exited the adjacent building suffered minor injuries.
Additionally, two firefighters sustained minor injuries during the emergency response. Two other
nearby bu1ld1ngs also sustamed structural damage and broken windows.

The National Transportation Safety Board determmed that the probable cause of the
explosion and fire was stress intensification, primarily generated by soil settlement at a connection
to a steel main, on a 1/2-inch polyethylene pipe that had poor resistance to brittle-like cracking.

Safety Board examination of the fracture surface and failed pipe from the Waterloo
accident revealed evidence of stress intensification. For example, the upper portion of the inside
of the failed pipe showed the impression of the edge of the tee stiffener, indicating that the top of
the pipe had been pressed down. The failure of the pipe can be directly associated with this
stressed area, which was characterized by several brittle-like slow crack growth fractures that

'For more information, see appendix A (Pipeline Accident Brief of Waterloo, lowa, accident) to National
Transportation Safety Board P]pelme Special Investrcatlon Report--Brittle-like Crackmg in Plastic Pipe for Gas
Service (NTSB/SIR-98/01). ,
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; originated on Or near thepipe inner wall just outside the depression associated with the tip of the
tee stiffener. These slow crack fractures propagated through the wall of the pxpe :

The stress intensification noted in the Waterloo pipe was con51stent with the pipe’s -
having been subjected to shear and bending forces generated primarily by soil settlement.” Soil
' settlement is a common source of stress intensification for buried plastic pipelines, and it can
~occur and contribute to a piping failure even though no observable voids are noted during a
subsequent excavation. Ultimate settlement of backfill can take many years, and sometimes it
only occurs after periods of heavy rains (such as the area experienced the previous year) or under
additional external loading (such as that represented by truck traffic over the connection). .

The accident investigation could -not determine whether the ground settlement at
Waterloo occurred because of inadequate compaction and support under the connection at the
" time it was installed, or whether it occurred despite initial adequate compact1on and-support. Nor
could it be conclusively determined whether the amount of soil settlement was slight and
generated relatively low stresses over a long penod of time, or whether the soil settlement was
- large and generated relatively high stresses over a relatively short peried of time. Because of

‘these uncertainties, investigators could not” determine how much more resistance to crack
initiation and slow crack growth the pipe would have needed ‘to.have successfully resisted the
- stresses to which it was subj ected. :

An examination of MldAmerlcan Energy’s recent construction standards for minimizing
shear and bendlng forces at plastic service connection points to steel mains revealed that
MidAmerican Energy had no standard that .called for firm’ compacted support under these
connections. MidAmierican Energy connected plastic service pipe to mains with steel tapping
tees welded at the factory.to factory-joined plastic-to-steel transition fittings. Although
MidAmerican Energy designed its own protective sleeves for this application, it did so without a
design criteria for length or. inner diameter, or for positioning the protective sleeves. Without
such criteria, MldAmerlcan Energy may reduce the sleeve’s effectiveness in limiting stress
.1nten51ﬁcat10n.‘ The Safety Board concluded that,. because ‘M1dAmerlcan Energy’s gas
construction standards do not establish well-defined criteria for supporting plastic pipe
connections to steel" mains or for designing or installing its protective sleeves at these
‘connections, these standards do not ensure that connections will be adequately protected from
stress intensification. -

Federal regulations require that gas pipeline system operators have procedures for
monitoring gas system failures and leakage histories, analyzing failures, and submitting failed
samples for laboratory examination, all intended to help determine the causes of failures so that
action can be taken to minimize the possibility of recurrences. Before the Waterloo accident,
Midwest Gas developed only a limited capability for monitoring -and analyzing the condition of
its gas system. For example, the company did not statistically correlate failure r_ates‘to the

*The failed pipe also showed signs that the installed horizontal curve may have generated ‘horizontal
bending forces. Other factors contributing to stress at the connection included the pipe’s internal pressure and may
have 1ncluded residual stresses mSIde the wall of the pipe resulting from the manufacturmg process.
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amounts of installed pipe or components provided by specific manufacturers. The design of the
program meant that the relatively few areas with high failure rates (for example, those with
- Century pipe) were aggregated with and therefore masked by the large number of plastic piping ‘
installations that had low failure rates. Thus, the Midwest Gas surveillance program did not
reveal the high failure rates associated with Century pipe. Only after the accident did Midwest
Gas identify the Century pipe within its pipeline system as having high failure rates, even though
the company could have collected and processed the same type of data and reached the same
determination before ‘the accident: If Midwest Gas had further correlated its data to years of
installation, it'may have also been able to examine the effects of its changing installation .
methods or changes in performance with different manufacturers through the years.

The Safety Board comncluded that, before the Waterloo accident, the systems used by
Midwest Gas Company for tracking, identifying, and statistically characterizing plastic’ piping
failures did not permit an effective analysis of system failures and leakage history. The Safety
Board further concluded that if, before the Waterloo accident, Midwest Gas had had an effective -
surveillance program that tracked and identified the high leakage rates associated with Century
piping when subjected to stress intensification, the company could have' implemented a
replacement program for the p1pe and may have replaced the failed service cornection before the
acc1dent -

Slnce the accident, MidAmerican Energy has revised its systems, adding parameters to
provide the company with added capability to sort failures. However, MidAmerican Energy did
not chose parameters that will allow an adequate analysis of its plastic piping system failures and
leakage history. For example, the generic “improper installation” is a parameter to be linked to
leaks; however, no parameters were added for the presence, lack, improper design, or improper -
placement of a protective sleeve. And no parameters were added to link leaks to squeeze
locations, improper joining, or items to differentiate between insufficient support and excessxve
installed bending. The Safety Board therefore concluded: that MidAmerican Energy’s current’
systems for tracking, identifying, and statistically characterizing plastic p1p1ng failures do not
enable an effective analy51s of system failures and leakage history. :

An effective surveillance prooram would 1nclude the data base inputs that would allow
the company to adequately monitor and characterize the types and causes of plastic piping field
failures. The 4.G.4. Plastic Pipe Manual for Gas Service recommends the use of a form for
recording necessary information on plastic piping failures; this form may be helpful to
MidAmerican Energy as it decides which data fields would be necessary to provide for an
adequate analysis of its plastic piping system failures and leakage history. The 4.G.4. Plastic
Pipe Manual for Gas Service further recommends collecting this information, then performing
visual exarnihatiens of the type and cause of failure and, in-some instances, a laboratory analysis.
The above steps may help MidAmerican Energy comprehensively monitor and address parts of
its plastic pipeline system—other than those installations with Century pipe—that may also
indicate unaeceptable performance

- The Natlonal Transportatlon Safety Board therefore makes the followmo safety
recommendatlons to MidAmerican Eneroy Corporation:



- Modify your gasconstru‘(:tion standards to require (1)-firm compacted support ..
under plastic- service connections to steel mains, and (2) the proper design and
positioning of protective sleeves at—these connections. (P-98-14)

As a ba51s for the t1mely replacement of your plastic pipino systems that 1nd1cate
unacceptable performance, review your existing plastic piping surveillance and
analysis program and make the changes necessary to ensure that the program is
based on sufficiently precise factors such as piping manufacturer, installation date,
pipe diameter, geographical iocation, and conditions and locations of failures. -
(P-98-15) B

Also, the National Transportation Safety Board issued Safety Recommendations P-98-1
through -5 to the Research and Special Programs Administration; P-98-6 to the Gas Research
Institute; P-98-7 through -9 to the Plastics Pipe Institute; P-98-10 to the Gas Piping, Technology
' ‘Committee P-98-11 and 17 to the American Society for Testing and Materials; P-98-13 to the

American Gas Association; P-98-16 and -17 to Continental Industries, Inc.; P-98-18 to Dresser
: Industries Inc.; P-98-19 to Inner- Tite Corporation and P-98-20 to Mueller Company

The National Transportation Safety Board 1s an 1ndependent Federal agency iwith the
statutory responsrbility ‘to promote transportation safety by conducting independent accident
investigations and by ;formulatlno safety improvement recommendations” (Public Law 93-633). -
The Safety Board is vitally interested in any action taken as a result of its safety
recommendations. Therefore, it would appreciate a response from you regarding action taken or -
. contemplated with respect to the recommendations in this letter. Please refer to Safety
Recommendations P-98-14 and -15 in your reply If you need additional information, you may
call (202) 314- 6469 : : ‘

Chairman HALL Vice Chairrnan FRANCIS and Members HAMMERSCHMIDT
GOGLIA, and BLACK concurred in these recommendatlons '




National Transportation Safety Board
Washington, D.C. 20594
Safety Recommendation

- Date:  april 30, 1998

In reply refer to: P-98-16 and -17

Mr. Richard E. Cota
President

Continental Industries, Inc.
~ Post Office Box 994
Tulsa, Oklahoma 74101

Despite the general acceptance of plastic piping as a safe and economical alternative to
piping . made of steel or other materials, the Safety Board notes that a number of pipeline
accidents it has investigated have involved plastic piping that cracked in a brittle-like manner.
For example, on October 17, 1994, an explosion and fire in Waterloo, Iowa, destroyed a building
and damaged other property.' Six persons died and seven were injured in the accident. The
- Safety Board investigation determined that natural gas had been. released from a plastic service
pipe that had failed in a brittle-like manner at a connection to a stéel main.

Excavations following the Waterloo, lowa, accident uncovered. at a depth of about 3 feet,
a 4-inch steel main. Welded to the top of the main was a steel tapping tee, manufactured by
Continental Industries, that was connected to a 1/2-inch plastic service pipe. The National
Transportation Safety Board determined that the probable cause of the Waterloo natural gas
explosion and fire was stress intensification, primarily generated by soil settlement at .the
connection to the steel main, on a-polyethylene pipe service line that had poor resistance to brittle-
like cracking. The connection was not covered by a protective sleeve. |

Almost all' of the plastic pipeline accidents the Safety Board has investigated involving
brittle-like cracking have been linked to stress intensification generated by external forces acting
on the pipe. Examples of conditions that can oenerate stress intensification include differential:
earth settlement, particularly at connections with more rigidly anchored fittings; excessive
bending as a result of installation configurations, especially at fittings; and point contact with
rocks or other objects. -

The Safety Board’s special investigation determined that much of the available guidance
to gas system operators for limiting stress intensification at plastic p1pe11ne connections to steel

'For more information, see National Transportation Safety Board Pipeline Specnal lnvestloatlon Report--
Brittle-like Crackmg in Plastic Plpefor Gas Service (NTSB/SIR-98/01).
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~ mains is inadequate or ambiguous. The Safety Board attempted to identify every U.S. steel tee
manufacturer that currently manufactures steel tees with a compression end for plastic gas
service connections.’ The Safety Board identified and contacted representatives of Continental,
Dresser Industries, Inc., Inner-Tite Corporation,’ and Mueller Company. None of these
‘manufacturers has published installation recommendations to limit shear and bending forces on
the plastlc pipe that connects to therr steel tapplno tees. |

Based on its review of this gu1dance and on the hrstory of the plastic p1pe11ne accidents it
has investigated, the Safety Board concluded that, because guidance covering the installation of
plastic piping is inadequate for limiting stress intensification at plastic service connections to
steel mains, many of these connections rnay have been 1nsta11ed without adequate protection
from shear and bending forces.

' Safety Board examination of a protective sleeve offered by Continental to its customers
revealed that the sleeve that did not have sufficient clearance to allow the ‘application of field
wrap (intended to protect the steel tee from corrosion after it is in the ground) to that portion of
the steel tee under the sleeve. This observation was confirmed by a Continental representative.
The Safety Board concluded that the use of Continentalltapping tees with the company’s
protective sleeves thus rnay leave the tapp'ino tees susceptible' to corrosion.

The National Transportatlon Safety Board therefore makes the followmo safety
recommendations to Contrnental Industries, Inc.: -

Provide a means to ensure that the use of your protective sleeves with your
tapping tees at plastic pipe connections to steel mains does not compromise
corrosion protection for the connection. (P-98-16) ‘ '
- ' A /
Develop and publish recommendations and ‘instructions for limiting shear and
bending forces at locations where your steel tapping tees are used to connect
plastic service plpe to steel mains. (P 98 17y N K

Also, the National- Transportatron Safety Board 1ssued Safety Recommendatlons P-98-1-
through -5 to the Research and Special Programs Administration; P-98- 6 to the Gas Research
Institute; P-98-7 through -9 to the Plastics Pipe Institute; P-98-10 to the Gas P1p1n0 Technology
Committee; P-98-11 and -12 to the American Society for Testlng and Materials; P-98-13 to the
American Gas Association; P-98-14 and -15.to MidAmerican Energy Corporation; P-98-18 to °
" Dresser Industries, Inc.; P-98:19 to Inner-Tite Corporation; and P-98-20 to Mueller Company.

A

). B Rombach Inc., which manufactures M. B Skmner Pnpelme products told the Safety Board that it no
longer manufactures or markets its “Punch-It-Tee” line of steel tapping tees. Chicago Fittings Corporation told the
Safety Board it no longer manufactures or markets its lme of steel tapping tees. The Safety Board therefore made no
further 1 mquxry with these companies.

*Inner-Tite did not manufacture steel tees; it purchased them, affixed its own compression connections, and
marketed the complete assembly. . )
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The National Transportation Safety Board is an independent Federal agency with the
statutory responsibility “to promote transportation safety by conducting independent accident
- investigations and by formulating safety improvement recommendations” (Public Law 93-633).
 The Safety Board is vitally interested in any action taken as a result of its safety
recommendations. Therefore, it would appreciate a response from you regarding action taken or
contemplated with respect to the recommendations in this letter. Please refer to Safety
Recommendations P-98-16 and -17 in your reply. If you need additional information, you may
call (202) 314-6469. : ‘

Chairman HALL, Vice Chairman FRANCIS, and Members HAMMERSCHMIDT.
GOGLIA, gnd BLACK concurred in these recommendations. :







National Transportation Safety Board
* Washington, D.C. 20594 |
Safety Recommendation

Date: . april 30,.1998

.In’reply refer to: P-98-18

Mr. William E. Bradford

Chairman and Chief Execu‘uve Ofﬁcer
Dresser Industries, Inc.

2001 Ross Avenue

Dallas, Texas 75201

.Despite the general acceptance of plastic piping as a safe and econom1cal altematlve to
- piping made of steel or other materials, the Safety Board notes that a number of pipeline
accidents it has investigated have involved plastic piping that cracked in a brittle-like manner.
For example, on October 17, 1994 an explosion and fire in Waterloo, Iowa, destroyed a building
and damaged other property.' Six persons died and seven were injured in the accident. The
Safety Board investigation determined that natural gas had been released from a plastic service
pipe that had failed in a brittle-like manner at a connection to a steel main.

Almost all of the plastlc pipeline accidents the Safety Board has investigated involving
brittle-like crackmg have been linked to stress 1nten51ﬁcat10n generated by external forces acting
on the pipe. Examples of conditions that can generate stress intensification include differential
earth settlement, particularly at comnections with more rigidly anchored fittings;. excessive
bending as a result of installation conﬁgu:anons especially at fittings; and point contact- w1th
rocks or other objects. ‘ R ‘ ‘ X

The S‘afety Board’s special investigation determined that much of the available guidance
to gas system operators for limiting stress intensification at plastic pipeline connections to steel
mains is inadequate or ambiguous. The Safety Board attempted to 1dent1fy every U.S. steel tee
manufacturer that currently manufactures steel tees with a compression end for plastic gas
service connections.? The Safety Board identified and contacted representatives of Continental .

'For more information, see Natlonal Transportatlon Safery Board Plpelme Specxal Investigation Report--
Brittle-like Cracking in Plastic Plpefor Gas Service (NTSB/SIR-98/01).

2J. B. Rombach Inc., which manufactures M. B. Skinner Pipeline products, told the Safety Board that it no
longer manufactures or markets its “Punch-It-Tee” line of steel tapping tees. Chicago Fittings Corporation told the.
Safety Board it no longer manufactures or markets its line of steel tapping tees. The Safety Board therefore made no
further inquiry with these companies. :
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Industries, Dresser Industries, Inc., Inner-Tite Corporation,3 and Mueller Company. None of
these manufacturers has published installation recommendations to limit shear and bending
forces on the plastic pipe that connects to their steel tapping tees. ‘

Based on its review of this guidance and on the history of the plastic pipeline accidents it
has investigated, the Safety Board concluded that, because guidance covering the installation of
plastic piping is-inadequate for limiting stress intensification at plastlc service connections to
steel mains, many of these connectrons may. have been installed wrthout adequate protection
from shear and bendmg forces. o :

‘The Natlonal Transportatlon Safety Board therefore make the followrno ‘safety
recommendatlon to Dresser Industries, Inc.:

Develop and 'pubhsh recommendatrons‘and instructions for limiting -shear and
bending forces at locations where. your steel tapping tees are used. to connect
plastic service pipe to steel mains. (P-98-18)

Also, the Natronal Transportatlon Safety Board 1ssued Safety Recommendatlons P-98-1
through -5 to the Research and Special Programs Administration; P-98-6 to the Gas Research
Institute; P-98-7 through -9 to the Plastics Pipe Institute; P-98-10 to the Gas Piping Technology
* Committee; P-98-11 and -12 to the American Society for Testing and Materials; P-98-13 to the
American Gas Association; P-98-14 and -15 to MidAmerican Energy Corporation; P-98-16 and -
17 to Continental Industries, Inc.; P- 98- 19 to Inner- T1te Corporatlon and P-98-20 to Mueller
Company. = - ‘ S SR : S :

The Natlonal Transportatlon Safety Board is an 1ndependent Federal agency with the
statutorv responsibility “to promote transportation safety by conducting independent accident
investigations and by formulating safety 1rnprovement recommendations” (Public Law 93-633
The -Safety Board is vitally . interested in any action taken as a result of its safety ‘
recommendations. Therefore it would appreciate a- response from you regarding action taken or
contemplated - with respect to the recommendation in this letter. Please refer to Safety
- Recommendation P-98:18"in your reply. If you need addmonal information, you may call (202)
314-6469. ‘ :

Chairman HALL, Vice Chairman FRANCIS and Members HAMMERSCHMIDT
GOGLIA and BLACK concurred in this recommendatron ‘

*Inner- Tlte d|d not manufacture steel tees; it purchased them afﬁxed its own compressmn connections, and
" marketed the complete assembly. . :



National TranSportation Safety Board
Washington, D.C. 20594
Safety Recommendation

Date: April 30, 1998

In reply refer to: P-98;19

Mr. George W. Davis |
President ‘ ‘
Inner-Tite Corporation

110 Industrial Drive .
Holden, Massachusetts 01520

Despite the general acceptance of plastic piping as a safe and economical alternative to
piping made of steel or other materials, the Safety Board notes that a number of pipeline
accidents it has investigated have involved plastic piping that cracked in a brittle-like manner.
For example, on October 17, 1994 an explosion and fire in Waterloo, Iowa, destroyed a building
and damaged other property.' Six persons died and seven were injured in the accident. The
Safety Board investigation determined that natural gas had been released from a plastic service
pipe that had failed in a br1ttle like manner at 2 connection to a steel main.

Alrnost all of the plastic pipeline accidents the Safety Board has investigated involving
brittle-like cracking have been linked to stress intensification generated by external forces acting
on the pipe. Examples of conditions that can generate stress intensification include differential
earth settlement, particularly at connections with more rigidly anchored fittings; excessive -
bending as a result of installation configurations, especially at fittings; and point contact with -
rocks-or other objects. : ‘ o

The Safety Board’s special investigation determined that much of the available guidance

to gas system operators for limiting stress intensification at plastic pipeline connections to steel

‘mains is inadequate or ambiguous.- The Safety Board attempted to identify every U.S. steel tee
manufacturer that currently manufactures steel tees with a compression end for plastic gas

service connections.? The Safety Board identified and contacted representatives of Continental

‘For more information, see National Transportation Safety Board Pipeline Special Investigation Repoft--
Brittle-like Cracking i in Plastic Pipe for Gas Service (NTSB/SIR-98/01).

’]. B. Rombach Inc., which manufactures M. B. Skinner Pipeline products, told the Safety Board that it no
longer manufactures or markets its-“Punch-It-Tee” line of steel tapping tees. Chicago Fittings Corporation told the
Safety Board it no longer manufactures or markets its line of steel tapplno tees. The Safery Board therefore made no
further i mqu1ry with these companies.
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Industries, Dresser Industries, Inc. , Inner-Tite Corporation,” and Mueller Company. None of
these manufacturers has published installation recommendations to limit shear and bending
forces on the plastlc pipe that connects to their steel tapping tees. '

Based on its review of this guldance and on the hlstory of the plastic pipeline accidents it
has 1nvest1gated the Safety Board concluded that, because guidance covering the installation of
plastic piping is inadequate for limiting stress intensification at plastic service connections to
steel mains, many of these connections may. have been installed without adequate protection
from shear and-bending forces. : ’ | |

The National 'Transportation Safety Board therefore make the following safety
recommendation to Inner-Tite Corporation: ' a

‘Develop and publish' recommendations and instructions for limiting shear and
bending forces at locations where your steel tapping tees are used to connect
_ plastic service p1pe to steel mams (P-98-19) -

Also, the National Transportatlon Safety Board issued Safety Recommendatlons P-98-1
through -5 to the Research and Special Programs Administration; P-98-6 to the ‘Gas Research
Institute; P-98-7 through -9 to the Plastics Pipe Institute; P- 08-10 to the Gas Plplng Technology
Committee; P-98-11 and -12 to theé American Society for Testing and Materials; P-98-13 to the
American. Gas Association; P-98-14 and -15 to MldAmerrcan Energy Corporation; P-98-16 and -

17 to Continental Industnes Inc.; P-98-18 to Dresser Industnes Inc.; and P-98-20 to Mueller
Company. ‘ C ‘ N : ' ‘

The National Transportation Safety Board-is an independent Federal agency with the
statutory responsibility “to promote transportation safety by conducting independent accident
1nvest1gat10ns and by formulating safety improvement recommendations” (Public Law 93-633).
The Safety Board is vitally interested in any action taken as a result of its safety
recommendations. Therefore, it would appreciate a response from you regarding action taken or
contemplated with respect. to the recommendation’ in this letter. Please refer to Safety
Recommendation P-98-19-in your-reply: If you need additional information; you may" call (202)
314-6469. :

+ Chairman HALL, Vice Chairman FRANCIS and Members HAMMERSCHMIDT
: GOGLIA and BLACK concurred in th1s recommendatlon Y

3Inner-Tite d1d not manufacture steel tees; it purchased them, affxed 1ts own compre551on connectxons ‘and
- marketed the complete assemibly. ‘



National Transportation Safety Board
Washington, D.C. '205‘94 |
Safety Recommendation

Date:  april 30, 1998

In reply refer to: P-98-20 i

Mr. Dale B. Smith

President

Mueller Company

500 W. Eldorado Street .
Post Office Box 671 ‘ i
Decatur, Illinois 62525

Despite the general acceptance of plastic piping as a safe and economical alternative to
piping made of steel or other materials, the Safety Board notes that a number of pipeline
accidents it has investigated have involved plastic piping that cracked in a brittle-like manner.
For example, on October 17, 1994, an explosion and fire in Waterloo, lowa, destroyed a building
and damaged other property.' Six persons died and seven were injured in the accident. The
Safety Board investigation determined that natural gas had been released from a plastic service
pipe that had fa1led in a brittle- llke manner at a connection to a steel main. -

‘ ~ Almost all of the plastic plpelme accidents the‘ Safety Board has investigated involving

brittle-like cracking have been linked to stress intensification generated by external forces acting
on the pipe. Examples of conditions that can generate stress intensification include differential
earth settlement, particularly at connections with more rigidly anchored fittings; excessive
bending as.a result of 1nstallat10n conﬁguratlons especially at. ﬁttmgs and. point contact. with
rocks or other objects.

The Safety Board’s special investigation determined that much of the available guidance
to gas system operators for limiting stress intensification at plastic pipeline connections to steel
. mains is inadequate or ambiguous. The Safety Board attempted to identify every U. S. steel tee
manufacturer that currently manufacturés steel tees with a compression end for plastic gas -
service connections.” The Safety Board identified and contacted representatives of Continental

'For more information, see National Transportation Safety Board Pipeline Specnal lnvestloatlon Repon--
Brittle-like Cracking in Plastic Pipe for Gas Service (NTSB/SIR-98/01). ‘

?J. B. Rombach Inc., which manufactures M. B. Skinner Pipeline products, told the Safety Board that it no
longer manufactures or markets its “Punch-It-Tee” line of steel tapping tees. Chicago Fittings Corporation told the
Safety Board it no longer manufactures or markets its line of steel tapping tees. The Safety Board therefore made no
further inquiry with these companies. ‘ .
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Industries, Dresser Industries, Inc., Inner-Tite Corporation,’ and Mueller Company. None of
these manufacturers has published installation recommendations to limit shear and bending
forces on the plastic pipe that connects to their steel tapping tees.

Based on its review of this guidance and on the history of the plastic pipeline accidents it
has investigated, the Safety Board concluded that, because guidance covering the installation of -
plastic pipino is inadequate for limiting stress intensification at plastic service connections to
steel mains, many of these connectlons may have been installed wrthout adequate protectron
from shear and bending forces.

The National Transportatlon Safety Board therefore make the following safety
recommendation to Mueller Company:

Develop and publish recommendations and instructions for limiting shear and
-bending forces at locations where your steel tapping tees are ‘used to connect
plastic service pipe to steel mains. (P-98- 20)

Also, the National Transportation Safety Board issued Safety Recommendations P- 98-1
through -5 to the Research and- Special Programs Administration; P-98-6 to the Gas Research
Institute; P-98-7 through -9 to the Plastics Pipe Institute; P-98-10 to the Gas Piping Technolog
Cofnmittee; P-98-11 and -12 to the American Society for Testing and Materials; P-98-13 to the
American Gas Association; P-98-14 and -15 to MidAmerican Energy Corporation P-98-16 and
17 to Contlnental Industries, Inc.; P 98-18 to Dresser Industrles Inc and P- 98 19 to Inner- T1te
Corporatron ' '

The National Transportatron Safety Board is an mdependent Federal agency with the
statutory respons1b111ty ‘to promote transportatron safety by conductmg independent accident
investigations and, by formulating safety 1mprovement recommendatlons” (Public Law 93-633).

. The Safety Board is vitally interested In any action taken as a result of its safety
~ recommendations. Therefore, 1t would apprecrate a response from you regarding action taken or
" contemplated with respect to the recommendatlon in this letter. Please refer to Safety
Recommendation P-98-20'in ‘your reply If you need additional 1nformat10n you may call 202y .
. 314-6469. :

Charrman HALL, V1ce Chalrman FRANCIS and Members HAMMERSCHMIDT
GOGLIA and BLACK concurred in this recommendatron

* Inner-Tite did not manufacture steel tees; it purchased them affixed its own compression connectrons
and marketed the complete assembly ‘ ‘



